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"Reproductior  'n  who)e  or  It.  p^rl  ii  permitted 
for  any  purpoae  of  the  United  Statee  Government. 


ABSTRACT 


Moasuramcnts  of  the  Infrared  amleelon  of  CO2  'nd  H^O  near 
3700  cm  ^  end  near  2330  cm  ^  have  been  made  at  900^,  1200^  and  1500**K 
Hlth  preaaurea  varied  between  approximately  5  and  1300  nm  Hg.  Samples 
were  contained  In  a  sample  cell  7.73  cm  long  and  heated  by  molybdenum 
wire  furnace.  Investigations  were  made  of  absorption  of  radiation  from 
hot  CO2  by  cold  CO2  >nd  compared  with  the  absorption  of  radiation  from  a 
continuous  source.  Results  of  the  meaauresMnts  are  presented  in  consi¬ 
derable  detail  In  tables  and  figures. 
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SECTION  1 


IKTllODUCTION 


C«Mr«l  Dltcmtlon 


Hor«  fundaaanttl  InfonMtion  about  tha  aalaalon  of  Infrarad 
radiation  from  and  lt«  ti t^a.ai»aloa  tbrou|h  tha  ataoaphara  la 

claarly  naadad.  Tha  objacclva  of  cha  praaant  aicpariaantal  lnvaatl|a- 
tlon  la  to  provlda  baalc  InforMtlc^  about  tha  aalaalon  of  CO.  and 
M.O,  tha  tvo  aoat  laportanc  conatituanta  of  flaaMa,  and  a'  >ut^''ha 
tfanaalaalon  of  the  ealttad  radiation  through  aUMapharlc  patha  con* 
talnlnt  thaae  aaM  two  apaclaa.  A  typical  flaaw  ahowa  a  ration  of 
ttrong  aalaalon  by  CO,  near  2350  ca  '  <4.3  alcrona)  and  another  by 
CO.  and  HO  near  3700^ca  (2.7  alcrona).  Thla  report  la  devotad  to 

aelauraaeEta  aade  In  thaae  cao  apactral  reglona. 

A  furnace  haa  bean  daalgnad  and  built  to  heat  taaplea  coapoaed 
of  M.O  and  CO,  and  other  gaaea  to  taaparaturea  aa  hl|h  aa  2000*^1.  The 
aaaiffe  le^contalned  In  a  aaMll  platlnua  call  with  aapphlre^wln^owa , 
and  the  tea^eratura  of  the  aaa^la  la  unlfora  to  approalaataly  •  10  K. 
Virtually  any  alature  of  N,0,  CO,,  and  any  t**  vhlch  doea  not  react 
with  copper  tubing  can  be  Invaatlgated  a',  any  praaaura  betwaen  approrl* 
aataly  3  and  1300  aaa  Mg.  The  aaaauraaanta  have  been  aade  with  the  a 
of  detaralnlng  the  dependence  Of  aaltalon  on  the  taaperatura,  the 
optical  thlcknaaa  of  the  ealttlng  gaa,  the  partial  praaaura  of  the 
ealttlng  gaaaa,  and  the  ;3''tlal  praaaura  of  otbir  non-aaltting  gaaea 
which  are  prcaant.  Nitrogen  haa  been  uaed  aa  a  non-aalttlng  foralgti 
gaa.  It  la  believed  that  the  Infomatlon  praaantad  In  thla  report, 
along  with  that  which  will  reault  (ro«  continued  Inveatlgatlona.wlll 
be  Invaluable  In  naklng  calculatlona  of  the  awlaalon  fron  flaaMa  which 
are  larger  than  can  b<  produced  In  tha  laboratory,  and  are  non>unlfom 
In  temperature  and  In  coapoaltlon.  The  type  of  Information  provided  by 
the  preaent  Invert Igat Ion  la  aaaantlal  for  the  development  of  proper 
band  modela  necetaary  for  auch  calculatlona. 


Sinct  th«  objacttv*  Is  to  obtsln  quantltacl-t  data  on  affacta 
of  .oraaauraj  taaparatura,  ate.,  it  wai  dacldad  to  Invaattgata  aaaplas 
heated  by  a  furnace  rather  than  flaMS.  Much  batter  control  of  aaaples 
ccutalnad  in  a  cell  heated  by  a  furnace  is  possible.  The  teaperature 
and  coapoaition  can  be  kept  unifora  throughout  the  saaple,  while  these 
paraaietara  are  variable  throughout  a  flaae.  The  taaperature,  pressure, 
and  coaposition  can  also  h'j  varied  over  auch  wider  ranges.  Results  of 
the  CO.  and  H^O  aeasuraaents  are  presented  in  Sections  3  and  4, 
respacf ively . 

A  second  phase  of  the  study  involves  the  transaission  of 
radiation  through  synthetic  alaosphares.  Considerable  work  has  been 
done  on  the  tranaaisaion  of  radiation  froa  continuous  sources,  such  as 
glowers  and  hot  filaaents,  through  ataoapheric  oaths.  However,  the 
problea  is  further  coapileated  when  the  source  c-f  radiation  is  a  gas 
flaae  containing  the  saae  species  es  the  absorbing  gas.  The  coaplica- 
tlon  results  froa  the  fact  Chat  aany  of  the  aaission  aaxiaa  occur  c.t 
the  seae  frequencies  as  the  absorption  aaaiaa.  A  detailed  discussion 
of  this  effect  is  presented  in  Section  3  along  with  the  results  of 
sever si  aeasuraaents  which  have  been  aade. 

Since  the  investigations  are  being  continued,  vary  little 
analysis  of  the  data  i.  rreaented  in  this  report.  The  data  are 
presented  in  considerable  detail  ir  the  fora  of  tables  end  figures 
so  that  they  can  be  used  conveniertly  by  other  workers  for  coaparison, 
or  for  a  basis  for  theoretical  calculations.  Purther  reports  on  this 
Investigation  will  contain  a  considerable  aaouat  of  analysis;  and 
coaparlaons  will  be  aede  with  results  of  'elated  Investigations  by 
workers  at  General  Dyneaics*,  Werner  and  Sweeey^,  University  of 
California  ,  Israel  Inctituce  of  Technology  ,  and  Araour  Research 
Institute^.  Iffects  of  taaperature,  pressure,  optical  thickness,  etc. 
will  be  detemlned  and  the  usefulness  of  different  bend  aodels  will 
be  considered. 

VoUs,  Syabols.  end  Pefirltlone 

The  Creek  letter  v  is  used  to  denote  tbe  frequency  of  radiation 
In  wevenuii^r  (oa  ').  the  nuaber  of  waves  per  centlaeter  In  vacuua.  Wave¬ 
lengths  are  aeasured  In  aicrons  end  denoted  by  K.  rrsquencler  In  ca  ^ 
can  be  found  by  dividing  10^  by  tbo  wavelength  In  alcrnne. 

k(.  te  tbe  true  ebaorptlon  coefficient  at  frequency  v  ee  It 
would  be  obaerved  with  an  Inetruaert  having  Infinite  reeolvtng  power. 
Wherever  "true"  Ic  ueed  vlth  eheorptlon  coefficient,  iranealttence  or 


eslitlvlty.  It  corresponds  to  infinite  resolvlns  power.  True  transolttanc* 
la  given  by  exp(-k(v)u),  where  u  Is  the  optical  thickness. 

T(v)  la  the  transmittance  of  a  sample  measured  at  frequency  v 
with  a  continuous  source  and  a  spactroaieter  having  finite  slit  width.  The 
transmittance  of  a  gas  sample  la  Che  ratio  of  the  radiation  CransmicCed 
by  tha  gas  to  Chat  Incident  on  It.  Auaorptance  Is  denoted  by  A(v)  and  is 
l-T(v).  Bmlsslvlty  Is  also  l-T(v);  absorptance  Is  usad  with  reference 

CO  cold  gases  for  which  the  Interest  Is  In  the  absorption  of  radiation. 
Balaslvlty  la  used  with  raferanca  to  hot  gases  whose  radiation  characteris¬ 
tics  are  being  studied.  The  cmlsslvlty  of  a  gas  Is  tha  ratio  of  the 
emitted  radiant  power  Co  the  radiant  power  from  a  blackbody  at  the  same 
Caaperature.  T  is  used  to  denote  the  average  value  of  «(v)  over  a  specified 
Interval . 

N(v)  denotee^spectral  radiance  In  watts  star  ^  cm  ^  cm\  N  denotes 
radiance  In  watts  star  ^  cm  either  for  all  frequencies  or  over  a  speci¬ 
fied  Interval.  Different  subacrlpts  and  aaparscrlpCs  used  with  the  symbols 
described  above  refer  to  specific  cases.  For  aaampla  M*(v)  denotes  the 
spectral  radiance  of  a  blackbody.  T  (v),  T  (v)  and  T  (v)  denote  traus- 
mltcances  of  a  cold  gas,  a  hot  gas,  and  a  hot  and  cola'^gac  in  series, 
respectively.  Whan  an  asterisk  Is  used  with  a  symbol  for  transmittance 
such  as  T^(v),  It  denotes  the  transmittance  chat  would  be  observed  with 
•  bot  gas^source . 

Total  pressuves  arc  denoted  by  t,  and  partial  pressures  of 
Individual  gases  by  p(CO.},  p(H,0),  etc.  All  pressures  are  measured  in 
aas  Kg. 

Values  of  optical  thickness  u  for  CO,  samples  are  determined  In 
atmos  cm  STF  by 

p(COj) 

u  (atmos  cm  STF)  .  j-  .  <l-l) 

where  L  Is  the  length  of  the  sample  In  cm,  •  Is  standard  temperature. 

27)^;  and  •  Is  the  gas  temperature  In  ^Dividing  by  7(0  converts 

Che  pressure  to  atmospheres.  The  temperature  factor  9  /S  Is  to  hs  netsd 
sines  many  authors  do  not  apply  It  In  their  calculations.  In  Chs  pressnt 
invest  Igst  ion  this  factor  Is  used  so  that  s  gt  ven^value  of  u  In  |tmoa  cm 
STF  correaponde  to  tha  same  value  In  moles  par  cm^  ur  pma  par  cm*,  regard¬ 
less  of  tha  temperature.  In  the  ceae  of  CO.,  values  of  optical  thlcknces 
can  be  converted  fr’'m  etmoa  cm  STF  to  pts  per  cm*  by  multiplying  by 
l  .M  >  lo'V 


In  p«««  of  HoOi  of  u  uro  oNprotood  tn  propiftffoblo 

pm  (pfi  pm)t  whiph  fi  numortpoUy  o^oivalotu  fo  |m»  por  pm*,  «ni  pan  ho 
pafpiUafod  ky 

PtH2«>  ^  ^4 

w  (pr  p»  HjO)  *  i.PO  »  10  (1-2) 

Tho  form  optipal  ihioknooa  fa  uord  fn.<«to«d  of  atKorPor  pooppo' 
fraffon  whfph  ha«  kaan  oaad  for  fho  aama  quanfffy  ky  aomo  workrra, 
fnpfudfng  fha  eufhora'.  Qptfpal  tkfoknaaa  haa  kaan  Phoaan  afnpo  if 
aaama  fo  ka  mora  daapriptivai  unita  uaad  tn  tha  praaanf  raporf  ara  kaaad 
on  fhoaa  oaad  moaf  of  fan  ky  othar  invaaf igafora  doing  aimilar  work 


SECTION  2 

EXPERIMENTAL 


■■vpp*r<tm 

A  dU|r«ffl  of  Ch«  optical  conpon^ntt  of  tha  apparatus  li  shown 
in  rijurs  2-'.  Radiation  froa  a  Mamst  |lowor  pastas  s  13  cpt  chopper 
and  Ic  i\<cau«d  nsar  a  saall  absorption  call  Intlda  ths  furnaca.  The 
absorption  'all  It  not  shown  In  Flguro  2>lt  but  tha  tapphlra  windows 
which  fit  It  ara  shown.  Aftar  passing  through  ths  call,  tha  radiation 
travels  on  through  tha  furnaca  and  an  laaga  of  tha  glowar  la  foniad  on 
ths  tilt  of  a  Ptrkln*lltMr  Modal  99  sranochrotsator.  lha  abtorptanea  tt 
any  fraquancy  is  obtalnad  by  eoaparlng  tha  signal  obssrvad  with  a 
saapla  In  tha  hot  call  to  that  obtarvad  with  the  call  svseuatad.  Sinn 
tha  furanca  It  batwaan  tha  chopper  and  the  stonochrotaator,  radiation  froa 
It  Is  not  aodulatad  .nd  It  not  datactsd.  Absorption  by  ths  windows  ts 
accounted  for  by  the  coaparlson  of  tha  spectra.  If  ona  ware  to  use  tha 
ho;  gas  directly  at  a  radiation  source,  error  would  arlsa  fro«  radia¬ 
tion  aalttad  by  the  windows  or  raflactad  froai  thun.  This  radiation 
could  not  be  vary  accuratety  accounted  for  by  coopering  the  signal 
with  a  eaapla  in  the  cell  to  that  obtalnad  with  the  call  evacuated. 

Each  window  would  not  only  aolt  and  scatter  radiation  Into  the  Inetru- 
aiant;  It  would  also  absorb  a  portion  of  tha  radiation  frow  the  preceding 
cooponents.  For  eKSOpln,  tha  cell  window  on  tha  tide  neat  to  the 
■nonochroMtor  would  absorb  part  of  tha  radiation  eeilttod  by  the  gss 
ar^l  by  the  window  on  tha  opposite  elds  of  the  gas.  Slwllsrly,  the 
saopls  gas  would  absorb  part  of  the  radiation  froai  one  window  and  none 
froa  the  other.  Thus,  It  Is  apparent  that  the  contribution  of  the 
radiation  due  to  the  wlndowa  would  change  with  ths  gas  aaopls  and  would 
be  very  difficult  to  deteralne. 
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ojrro  THE  SLITS  OF  THE  MONOCHROMATOR.  THE  LEFT-HAND  PORTION  OF  THE 
FIGURE  SHOWS  THE  OPTICAL  ARRANGEMENT  USED  TO  OBTAIN  LONG  PATH  lENGTHS 
WHEN  THE  OPTICS  TANK  WAS  USED  AS  AN  ABSORPTION  CELL. 


since,  according  to  Klrchhoff's  Law,  the  emlsslvlty  of  a  body 
In  thermal  equilibrium  Is  equal  to  Its  absorptance,  the  emlsslvlty  can 
be  determined  from  the  measurements.  The  spectral  radiance  can  then 
be  calculated  from  the  product  of  the  emlsslvlty  and  the  spectral 
radiance  of  a  blackbody  at  the  temperature  of  the  sample. 

In  order  to  reduce  errors  In  emlsslvlty  measurements  arising 
from  absorption  by  atmospheric  gases,  all  the  optical  path  except  for 
that  In  the  monochromator  and  the  furnace  Is  confined  to  a  source  tank 
and  an  optics  tank.  Either  tank  can  be  evacuated  and  filled  with  gas 
to  any  desired  pressure  less  chan  atmospheric;  the  optics  tank  Is 
usually  evacuated,  while  the  source  tank  is  evacuated  end  then  filled 
with  dry  nitrogen.  Uhlle  making  some  measu' ements  of  Che  type  described 
In  Section  5,  absorbing  gas  is  puc  In  the  optics  tank.  The  source  tank 
Is  not  operated  under  vacuum  In  order  to  avoid  possible  trouble  with 
Che  chopper  and  because  of  a  tendency  of  the  Hernst  glo'«er  to  evaporate 
and  form  a  film  on  the  mirrors.  The  lid  of  Che  monochromator  Is 
connected  to  the  window  at  the  end  of  the  optics  tank  by  means  of  a 
bellows  Co  reduce  leakage  of  air  Into  Che  region  under  the  lid,  which 
is  flushed  with  dry  nitrogen  at  the  rate  of  about  3  liters  per  minute. 
Under  these  conditions,  it  la  possible  to  reduce  the  maxlmurK  absorptance 
In  Cb”  regions  of  Che  CO^  bands  at  2350  cm*^  and  the  H2O  bands  at 
3'00  r-n'l  to  about  0.01  or  0.02. 

The  monochromator  was  originally  placed  inside  the  optics 
tank  where  It  could  be  evacuated  and  filled  with  dr:  nitrogen,  but 
Ister  it  war  decided  to  use  It  outside  the  tank, as  shown  in  Figure  2-1, 
tj  av''id  complications  In  making  slit  adjustments  and  In  scanning  tl)e 
Llttrow  drive. 

The  optical  system  for  the  optics  shown  In  the  left-hand 
port 'on  of  Figure  2'1  la  used  when  It  Is  desired  to  have  a  rather 
long  path  of  absorbing  gas  in  "series"  with  the  gas  in  the  furnace. 

An  image  of  the  flower  is  formed  adjacent  to  the  single  mirror  of  a 
multiple-pass  mirror  system  Blmllar  to  that  described  by  White”.  In 
the  studies  using  this  system,  which  are  described  in  Section  5,  the 
number  of  passes  could  be  varied  from  outside  the  tank  without  opening 
it  or  without  changing  the  gas  in  It.  The  maximum  number  of  passes 
used  was  24,  which  correapon's  to  a  total  path  of  more  than  2600  cm 
within  t’le  Ot<tlcB  tank. 

The  Image  of  the  glower  formed  near  the  hot  :ell  Is  enlarged 
by  a  faC’^'T  of  »■  proxlmately  three.  This  Image  la  thc.i  reduced  by 
about  the  same  factor,  giving  an  image  approximately  (  .4  cm  high  on 
the  sll'w  of  the  monochromator.  By  decreasing  the  f-  v'utio  in  this  manner. 
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tha  baan  antaring  tha  nonochromator  "fllla"  mora  than  80  parcant  of 
tht  priam,  Stnca  tharc  la  aoma  vlgnattlng,  and  ilnca  tha  halght  of 
tha  alita  la  about  1  cm  comparad  to  tha  Imaga  halght  of  0.4  cm, 
tha  monochromator  la  only  about  30  parcant  f Iliad.  In  an  optical 
ayataia  auch  aa  thla,  tha  maximum  raaolvlng  powar  la  llmltad  by  tha 
minimum  alit  width  compatible  with  tha  daslrad  slgnal-to-nolaa  ratio. 
Tha  raaolvlng  powar  la  approxlmataly  proportional  to  tha  raclprocal  of 
tha  phyalcal  tilt  width,  and  tha  signal  la  nearly  proportional  to 
tha  square  of  slit  width.  Thua,  tha  maximum  raaolvlng  powar  Is  about 
one-half  as  great  as  if  the  monochromator  wara  complataly  filled. 

Since  high  resolving  powar  la  not  assantial  In  tha  present  study,  tha 
factor  of  two  which  la  lost  Is  not  considered  Important. 

It  would  ba  possible  to  mora  nearly  t'll  tha  monochromator 
optics  by  using  an  Imaga-spllttar  or  by  Incraaslng  tha  apartura  of 
tha  furnace;  but  tha  advantages  that  would  ba  raallsad  do  not  appear 
to  Justify  tha  inconvanlanca .  If  tha  aperture  of  tha  furnace  ware 
Increased  by  enlarging  the  opening,  more  power  would  ba  required  and 
It  would  be  much  more  difficult  to  maintain  uniform  temperature  over 
as  long  a  portion  of  tha  furnace.  An  imaga-spllttar  which  would  split 
an  Image  of  the  glower  vertically  Into  two  halvas  and  ra*lmaga  them, 
one  above  tha  other,  could  make  use  of  more  of  the  height  of  the  silt. 
Such  a  device  takes  advantage  of  the  fact  that  the  Image  formed  on 
tha  slits  Is  usually  much  wider  than  tha  slit  opening;  some  of  the 
radiation  that  would  ordinarily  be  wasted  Is  than  used  to  form  a 
higher  Image  without  Increasing  tha  f*ratlo  of  the  beam.  However, 
in  view  of  the  tact  that  the  optical  system  Is  already  complex,  the 
further  complication  of  an  Image-splitter  did  not  seem  Justified. 

In  the  normal  operation  of  a  Parkln-Blroar  double-pass-mono- 
chromator,  the  beam  la  chopped  Internally  after  one  pass  at  a  point 
conjugate  to  tha  axil  slit.  For  any  sotting  of  ths  Llttrow  mirror, 
there  Is  soma  frequency  which  pasaas  through  tha  exit  slit  after  only 
a  single  pass  (actually  two  passes  through  the  prism,  since  the  beam 
traverses  tha  prism  twice  In  a  single  pass  Instrument  and  four  times 
in  a  double  peas),  but  the  single  pass  radiation  la  not  detected 
because  It  has  not  bean  chopped.  However,  If  the  baai..  Is  chopped 
externally,  as  In  the  present  study,  s 'me  modifications  must  ba  made 
in  order  to  avoid  simultaneous  dotscti»a  wl  redlitlcn  i:  two  d&fferart 
froquanciss,  one  single  passed  and  one  double  passed.  To  double  pass 
the  instrument  while  using  the  external  chopper,  tha  bottom  halvas  of 
the  entrance  and  exit  slits  were  blocked  off.  The  single-pass 
radiation  from  the  top  half  of  the  entrance  slit  Is  focused  on  the 
bottom  of  tha  exit  slit  which  Is  blocked  off.  Single-pass  radia¬ 
tion  is  thorefora  not  detected.  During  tha  second  pass,  tha  Image 
of  tha  entrance  slit  la  relnvertad  so  that  the  dr  bla-pass  radiation 
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entering  the  upper  half  of  the  entrance  alit  paaaea  through  the  upper 
half  of  the  exit  slit.  Since  the  height  of  the  imago  of  the  Nemat 
glower  formed  at  the  entrance  alits  ia  leaa  than  half  the  height  of 
the  alita,  no  loaa  in  algnal  waa  Introduced  by  blocking  half  of  each 
alit. 


The  inatrument  waa  double  paaaed  to  take  advantage  of  the 
increaaed  diaperaion.  Alao  the  frequency  calibration  and  the  diaper- 
aion  are  the  aame  aa  when  the  inatrument  waa  double  paaaed  while 
uaing  the  internal  chopper  in  conjunction  with  other  optical  ayatema, 
auch  aa  the  Nemat  glower  and  monitor  cell  in  the  optica  tank.  When 
uaing  the  external  chopper  the  internal  chopper  ia  pcaitionad  ao 
chat  it  ia  out  of  Che  beam.  A  window  haa  'ten  added  to  the  lid  of 
the  monochromator  ao  that  the  incernal  chopper  can  be  viewed  td>lle 
poaitioning  it. 

With  the  monochromator  double  peaeed  in  Chia  manner,  the 
"acattared  light"  waa  loaa  chan  0.1  percent  of  the  total  radiation 
near  the  3700  cm*^  region  and  waa  about  0.5  percent  In  the  region  of 
Che  atrong  OO2  abaorption  near  2350  cm'^.  The  amount  of  acattered 
light  waa  determined  by  comparing  the  recorder  deflection  with  the 
entrance  alite  covered  to  that  with  a  aaapla  of  CO2  large  enough  to 
produce  conpleta  abaorption,  Since  the  amount  of  acattared  light 
waa  ao  aatall,  it  could  be  accounted  for  aufficiently  well  to  avoid 
aigniflcant  error. 

If  the  phyalcal  alit  width  of  the  monochromator  were  kept 
conacant  while  acanning  over  tha  entira  region  of  COj  abaorption 
near  2350  cm*^,  the  recorder  deflection  on  the  low  frequency  aide 
waa  found  to  be  only  about  20  percent  aa  great  aa  Chet  on  the  high 
frequency  aide.  In  order  to  reduce  the  change  in  deflection  from 
one  aide  of  the  abaorption  region  to  the  ocher,  the  alit  aervo- 
mechanlam  built  for  the  monochromator  by  Nrhin-llaar  waa  uaed  to 
open  Che  alita  autooMtically  according  to  a  pra>decemined  program. 

A  nonlinear  electrical  cam  which  waa  cuatom  made  in  our  laboratory 
waa  found  to  produce  a  reaaonably  amooth  background  when  uaed  with 
Che  Perkin-Ilmar  alit  aervo.  The  phyalcal  alit  width  waa  kept  conacant 
while  acanning  the  region  near  3700  ca*l  aince  Che  change  in  recorder 
deflection  from  one  aide  of  the  region  of  abaorption  to  t(w  other  aide 
waa  leaa  chan  for  the  region  near  2350  cm'^.  A  further  reaaon  for 
uaing  conacant  alita  at  higher  frequenciea  la  Chet  tha  alita  are 
narrower  end  a  email  error  in  tha  aervo  mechaniam  would  produce  a 
larger  error  in  the  recorded  aignal. 
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Ttble  2-1  give*  value*  of  apectral  *llt  width  AV  «t  *ever*l 
frequencies  for  the  different  alit  program*  u*«d.  The  vOiue*  «re 
based  on  curve*  in  the  inatrument  inatruction  manual  relating  AV  to 
the  physical  alit  width,  and  are  ona-half  th*  width  of  the 
apectral  interval  paaaad  by  th*  aliti.  The**  value*  *r*  approximately 
the  aame  aa  would  be  obtained  by  using  th*  Raylaigh  criterion.  In 
the  diacuaaion  of  the  raaulta,  referanc*  1*  made  to  the  raaolution 
acUedul*  which  was  uaad  while  obtaining  th*  data. 


TABLE  2-1 

RESOLUTION  SCHEDULES 


Wavenumber 

cm*^ 

(AJO 

,  -1 
in  cm 

A 

B 

C 

D 

IftOO 

3.7 

5.0 

2000 

3.5 

4.8 

2200 

3.2 

4.6 

2AOO 

3.1 

4.4 

2600 

4.6 

2600 

2.9 

4.2 

3000 

3.5 

5.2 

3200 

4.3 

6.4 

3400 

5.1 

7.6 

3600 

6.0 

8.9 

3800 

7.0 

10.4 

4000 

8.1 

12.0 

4200 

9.2 

13.7 

4400 

10.4 

15.5 
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Th«  lynchronout  aotora .which  drlv*  th«  racordar  chart  and  tha 
•BonochrOBator  Littrow  arlva.wara  raplacad  by  aalayna.  Both  of  thaae 
aalayni  art  now  driven  fron  r.ht  aaac  trananlttar  which  la  powarad  by  a 
variable  apead  d.c.  motor.  With  thla  arransamant  tha  recorder  chart 
and  Littrow  drive  are  aynchronlaad  ao  hat  the  frequency  calibration 
on  a  apactruffl  reaalna  the  aame  and  tha  acannlns  apead  can  be  varied. 

The  acannlnt  apead  la  aianually  controlled  ao  that  there  la  aufflclant 
time  for  the  recorder  to  reapond  and  give  a  true  raadlng.  Portlona  of 
tha  apactrum  with  little  or  no  atructure  can  ba  acanned  aa  much  aa  5 
tinea  faater  than  the  portlona  containing  conaldarabla  atructure.  By 
varying  the  apead  the  acennlng  tine  la  reduced  to  about  60  or  701  of 
the  time  required  for  a  conatant  acannlng  apaed  which  la  de.:ermlncd  by 
the  region  having  tha  moat  atructure. 

A  gaa  handling  ayaten,  which  la  deacrlbed  In  conaldarabla 
detail  In  Appendix  B.  waa  dealgned  to  deliver  gaa  aanplea  to  the 
aaaiple  cell  In  the  furnace  at  any  dealred  preaaure  between  approxlnately 
3  and  1300  m  Kg.  Virtually  any  gaa  mixture.  Including  water  vapor, 
which  will  not  react  with  copper  tubing  can  ba  produced  and  flowed 
contlnuoualy  through  the  aample  cell  at  a  regulated  preaaure.  All  tha^ 
componanta  which  contain  aample  gaa  can  ba  heated  to  approximately  140  c 
In  order  that  H.O  can  ba  Inveetlgated  without  condanaatlon  In  tha  llnoa. 
Argon  which  la  Inactive  In  tha  Infrared  la  contlnuoualy  fluahad  through 
the  aectlon  of  the  furnace  ero..id  the  aemple  cell.  Tha  argon  proaaura 
la  maintained  very  cloaa  to  that  of  tha  aample  In  order  to  avoid 
rupturing  Ch4  thin  aepphlre  wlndowa  of  the  aample  call  and  to  reduce 
leakage  paat  them.  The  wlndowa  are  only  0.3  aa  thick  to  that  abaorptlon 
of  radiation  by  them  la  kept  to  a  mlntmun.  Abaorptlon  by  aapphlra 
bacomea  important  at  high  tea^erature  at  froquonclaa  below  about  2200  cm  ^ 
>  4.5u). 

Both  tha  aample  gaa  and  the  argon  are  fluanad  contlnuoualy  to 
avoid  accumulation  of  either  of  theao  gaaoa  In  tha  wrong  aectlon  of  the 
furnace, and  to  carry  away  any  Impurltlea  that  might  eilaa  froai  alow 
roactlona  or  from  do*gaaalng  from  the  walla  of  tha  furnace, which  might 
occur  beceuae  of  the  high  tompereturaa.  A  amall  abaorptlon  call  and  a 
aaparate  radiation  glower  were  employed  in  order  to  monitor  tha  compoal* 
tlon  of  the  gaaaa  by  obaarvlng  their  abaorptlon  epactra.  The  arrangement 
la  ahown  In  Figure  2‘1.  A  amall  flat  mirror  located  Inalda  the  optica 
tank  can  be  moved  Into  the  path  o.f  tha  beam  coming  from  the  furnace, 
thua  blocking  It  from  the  monochromator.  When  In  thla  poaltlon.tha 
nlrror  dlracta  light  from  a  Nernat  glower  onto  the  monochromator. 

Located  In  the  been  la  a  email  abaorptlon  call,  labeled  aa  a  monitor 
coll,  which  la  connected  to  the  gaa  handling  avatem.  The  primary  purpoaa 
of  the  monitor  coll  la  cont'ln  aamplee  of  gaa  which  can  be  bled 
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from  elthtr  tha  hoc  call  in  tha  furnaca  or  fron  tha  argon  acctlona. 
S()acCra  of  chaaa  lasiplaa  can  ba  obtainad  parlodlcally  Co  monlcor 
cha  conpoalclon  of  chaaa  gaaaa.  For  axaa^le,  cha  purlcy  of  Cha  argon 
la  oontCorad  co  chack  for  poatlbla  laakaga  of  axcaaalva  aaounCi  of 
aaaipla  gaa  InCo  Cha  argon  aacclon.  jy  coaiparlng  cha  apaccra  wlch 
ochara  obcalnad  for  known  mlxCuraa  In  cha  call,  Ic  la  poaalbla  co 
aaclaaca  Cha  anounc  of  aaaple  gaa  praaanc.  On  Cha  baala  of  chacka 
mada  whlla  obcainlng  cha  daca  praaancad  In  chla  raporc,  Ic  waa  found 
chac  chara  waa  uaually  laaa  Chut  0.05  of  ona  parcanc  aaaiple  gaa  In 
cha  argon.  Brroc  arlalng  froa  cha  praaanca  of  Chla  gaa  la  Cherafora 
aaMll.  Slallar  chacka  of  gaaaa  blad  froa  Cha  hoc  call  IndlcaCad  ChaC 
Cha  davlaclon  froa  purlcy  waa  uaually  laaa  chan  could  ba  daCaccad. 

Tha  purlcy  waa  Charafora  ballavad  co  ba  graac.  '  Chan  9BX.  Whlla 
obcainlng  apaccra  of  aaaplaa  In  cha  monlcor  ceil,  cha  InCamal  choppar 
waa  uaad. 

Bacauaa  of  condanaaClon  In  Cha  cold  llnaa,  waCar  vapor  froa 
Cha  hoc  call  could  noc  ba  blad  Inco  cha  monlcor  call.  Howavar,  cha 
aama  handling  procaduraa  and  flow  racaa  wara  uaad  for  wacar  vapor  aa 
for  COj  and  Ic  waa  aaauiaad  ChaC  nagllglbla  arror  waa  InCroducad  by 

laakaga. 


ftafura  and  afcar  Cha  apaccra  of  a  aarlaa  of  aamplaa  wara 
obcalnad,  background  apaccra  wara  run  wich  cha  aampla  call  avacuacad 
buc  wlch  all  ochar  axpartmancal  condlcloua  cha  aama  aa  chota  for  cha 
aamplaa.  tha  fraquancy  Incarval  covarad  by  cha  background  apaccra  waa 
aoawwhac  vldar  Chan  chac  ovar  id\lch  cha  largaac  aaaipla  would  abaorb. 

In  cha  caaa  of  OOj  aaaiplaa  cha  raglon  naar  2350  ca*^  and  cha  ona  naar 
3700  cai*^  wara  acannad  aaparacaly.  Whan  aCudylng  M3O,  Cha  raglon  naar 
3/00  cm'^  waa  acannad  In  ona  conclntioua  apaccrum. 

Sanplaa  wara  uaually  divided  InCo  aaca  compnaad  of  a  glvan 
mixing  raclo  ac  dlffaranC  praaauraa.  In  ganaral,  Cha  flraC  aaa^la  waa 
ac  Cha  lowaac  praaaura  ac  which  Cha  abaorpclon  waa  aufflclancly  graac 
Co  ba  awaaurad  wlch  raaaonabla  accuracy.  Succaadlng  aamplaa  wara  ac 
hlghar  pradauraa,  whara  cha  praaau'‘aa  wara  Incraaaad  by  a  faccor  of 
approxlmacaly  cwo  bacwaan  aamplaa.  Aftar  cha  aampla  praaaura  waa 
changad,  buC  bafora  a  apaccrum  waa  acannad,  cha  flow  raCaa  of  cha 
aaaipla  gaa  and  argon  wara  adjuaced  Co  aoiaa  pradaCamlnad  opclmum  value 
Bn<4  Che  flow  waa  malncalnad  for  a  few  mlnucaa.  Iwadlacaly  aftar  each 
apaccrum  waa  acannad  cha  recorder  deflection  waa  chacked  at  a  faw  kay 
fraquanclaa  within  iSe  band.  If  tha  daflactlona  at  Chaaa  fraquenclea 
.mra  tha  aama  aa  ware  obaervad  during  cha  acan,  It  waa  aaaumed  that 
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thsrt  wai  a  ntgll|lbla  drlf^.  In  caaat  of  axcaailva  drift  tho  ipactruai 
waa  ra-run. 

todyctlon  and  Proiantatlon  of  Data 

Cxirvat  Mhich  rapraaant  racordar  dcflactlon  for  no  aaiapla 
abaorptlon  wara  auparlapoaad  on  aach  aaapla  apactrua  by  tracing  tha 
approprlata  background  apactrua.  Tbara  wara  alvaya  at  laatt  two  back¬ 
ground  apactra  for  aach  aaapla,  ona  obtalnad  bafora  tha  aaapla  apactrua 
and  ona  aftar  It.  Cooiparlaon  of  tha  dlffarant  backgrounda  provldad  a 
chack  for  drlfta  within  any  ona  apactrua  and  for  othar  poaalbla  "long 
tarn"  varlatlona  tdilch  alght  occur  batwaan  tha  tlaaa  thay  wara  obtalnad. 

Thara  la,  of  couraa.  acaa  uncartak.nty  In  fitting  a  background 
to  a  aaapla  apactrua.  Thla  uncertainty  la  particularly  notlcaabla  In 
tha  wlnga  of  a  band  If  tha  abaorptanca  dacraaaaa  vary  alowly.  lha  error 
tdilch  might  arlaa  In  any  Individual  apactrua  can  ba  raducad  by  "neatlng" 
all  tha  curvaa  belonging  to  a  aat  of  aamplaa.  For  axampla,  If  aaivloa 
of  a  glvan  nixing  ratio  at  9  dlffarant  praaauraa  wara  atudlad,  tha  apactra 
of  aavaral  of  thaaa  aamplaa  can  ba  auparlapoaad.  Since  It  la  known 
that  tha  abaorptlon  at  any  fraquancy  Incraaaaa  with  Incraaalng  praaaura, 
tha  abaorptlon  Indicated  by  any  alngla  aanplo  ahould  ba  conalatant  with 
that  of  tha  othar  aamplaa.  latter  accuracy  can  ba  attained  by  thla 
tachnlgua,  alnca  Information  from  aavaral  apactra  la  uaad  to  datarmlna 
the  ipaetrum  of  any  alngla  aaapla. 

Aftar  tha  backgrounda  have  b  .an  drawn  tha  Information  la  put 
In  digital  form  for  uaa  on  an  IM  70*0.  Valuaa  of  racordar  deflection 

are  recorded  on  punched  caNa  for  onough  point*  to  daflna  tha  curve; 

tha  point*  at  tdtlch  any  curve  la  read  are  choaen  accoNlng  to  tho 
Mount  of  atructura  and  occur  at  variable  danalty  along  the  curve. 

A*  an  approximate  criterion,  polnta  are  read  at  ovary  maxlawm  and  mini¬ 
mum  and  at  point*  In  batwaan  *o  that  atralght  Una*  Joining  than  will 
not  devlato  from  tha  curve  by  an  amount  corraapondlng  to  more  than  1/4 
percent  tranamlttanc*.  lha  aama  criterion  1*  uaad  for  tha  background 
curve  a*  for  tha  aampla  curve,  and  no  attempt  1*  mad*  to  road  both 
eurvi*  at  th*  earn*  fra^uanela*.  Each  card  contain*  InforMtlon  about 
the  racordar  dcflactlon  and  about  th*  x-valuo,  from  which  th*  frocuancy 

1*  calculated.  A  program  for  tha  xm  70*0  haa  bean  davalopad  to 

provide  tho  following  output  for  oach  aampl*  whoao  amlailon  la  being 
atudlad. 

(1)  Valuaa  of  amlaalvlty  C  (V)  '  1  '  T(V)i  frequency  In 
cm*l  at  all  point*  ^*r*  th*  aampl*  apactrvmi  wa*  read. 


:-* 


(2)  Valuta  of  N(v)  at  tha  lama  frequenclaaj  M(v)  la  the 
apectr«I  radiance  of  the  gaa  computed  from  ^he  product 
of  c(v)  and  the  apectral  radiance  of  a  blackbody  at 
the  taeiperature  of  tha  gaa. 

(3)  Valuea  of  c,  the  averaga  enlealvlty  over  5  cu  ^ 
intervale.  Theaa  are  detaralned  by  averaging  valuta  of 
c(v)  which  are  calculated  at  Integral  wave  nuabara  aa 
an  Interaedlate  atep. 
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(4)  Valuea  of  H  the  radiance  In  vatta  nn  ater  for  the 

S  ca  ^  intervale.  Theaa  valuta  are  datara'ned  from  tha 
product  of  t  for  the  aaae  interval  and  5N*(v  ),  where 
)  it  the  apectral  radiance  it  the  cente?  of  the 
interval  of  a  blackbody  at  tha  aaat  teaperature  aa  tha 
gaa.  Since  the  apectral  radiance  of  a  blackbody  la 
nearly  conatant  over  a  5  ca  ^  interval  for  tha  taapera* 
turaa  and  fraquanciea  covered  in  the  preaent  atudy, 
the  aiaple  product  la  a  vary  good  approxlaation  to  tha 
radiance  of  the  Interval. 

(5)  Valuea  of  i  for  SO  cm  ^  intervale,  detanained  by  one- 
tenth  the  eia  of  th«  valuea  of  i  for  the  ten  S  ca  ^ 
intervale. 

(4)  Valuea  of  N  for  50  ca  ^  intarvala^  datarained  froa  tha 
auB  of  the  valuea  for  the  ran  5  ca  ^  intervale. 

In  Information  contained  in  (1)  and  (2)  are  includad  in  tha 
computer  output  in  tabular  fora  and  on  carda  which  can  be  uaed  with 
an  automatic  plotter,  while  cha  information  in  (3),  (4),  (5),  and  (6) 
la  preaented  in  tabular  fora  only.  Tha  curvaa  of  amiaaivity  ehown 
in  Sactione  3  and  4  were  plotted  froa  the  punched  carda,  but  the 
remainder  of  the  output  deacrlbed  la  (1)  end  (2)  above  ia  not  included 
in  thle  report.  The  emiaalvlty  curvea  are  praeanted  rather  than 
photographa  of  the  original  apectra  i4iich  have  a  nonlinear  wave  nuatber 
acela  and  foi  which  the  background  curve  correaponding  to  1001  trana- 
aittanca  ia  not  conatant.  Tabular  information  froa  (3),  (4),  (5)  and 

(6)  above  la  preaented  in  Sactione  3  and  4. 

The  reaulta  of  the  inveatigatlon  of  the  tranaalaalon  of  radia¬ 
tion  from  .lOt  00.,  through  cold  OC.  are  preaented  in  a  different  manner 
in  Section  5  aloAg  with  a  diacuaalon  of  experimental  techalquea,  data, 
and  the  theory  involved. 
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Tha  major  portion  of  tha  raaulta  obtalnad  ara  praaantad  In 
chla  raport  in  a  mannar  Chat  ahould  ba  convanlant  for  workara  who 
naad  tha  raw  data  to  eoaipara  with  thalr  raaulta.or  fo^*  othara  who 
ara  inCaiaataJ  lit  fltClns  data  to  vailoua  baud  luudwia.  Vaiy  lilllw 
analyala  la  praaantad  hara  alnca  mora  data  will  ba  obtalnad  In  tha 
naar  futura  and  a  datallad  analyala  of  all  tha  data  will  ba  parformad 
at  that  clma. 


trrora  and  Accuracy 

In  a  aCudy  auch  at  thla  thaia  ara  cartaln  aourcaa  of  rrror 
which  arlaa  from  aampllnt,  from  data  racordln),  and  front  data  analyala. 
Uncartalntlaa  In  aampllns  ara  aoamwhat  Idriar  In  tha  oraaant  atudy 
Chan  In  atudlaa  chat  ara  not  compllcatad  by  tha  high  taaiparaturaa  and 
by  tha  nacaaalty  of  flowing  tha  aampla  con  lououaly  while  making 
maaauramanta.  Tha  racopdad  tamparatura  of  tha  aampla  of  hot  gaa  la 
accurate  to  approximately  :  10°K;  thla  uncertainty  cauaaa  approxlmataly 
:  IX  arror  In  tha  calculation  of  optical  thlcknaaa,  which  la  Invaraaly 
proportional  to  tamparatura  at  a  given  praaaura. 

Approximately  t  IX  arror  In  the  calculation  of  optical  ihlcknea 
arlaaa  from  the  uncertainty  In  tha  langilt  of  the  tangle  cell  at  high 
tamparaturaa.  Available  data  on  tha  coefficient  of  thermal  expanalon 
of  tha  call  malarial  only  covera  temperaturaa  to  1000°C.  Vhe  cell 
length  at  tha  higher  tamparaturaa  waa  calculated  by  aaaim-iug  the  aaaw 
coefficient  of  expanalon  aa  for  the  lower  temperaturea,  end  tha  value 
calculated  for  ISOO'^X  la  uaad  for  all  tamparaturaa  above  900°K  alnce 
tha  change  in  length  at  tha  different  tamparaturaa  la  very  email. 

On  the  high  frequency  aide  of  the  00]  banda  an  Increaae  In 
tenparatura,  at  conatant  praaaura,  reaulta  In  a  decreaae  In  emlaalvlty, 
while  on  the  low  frequency  aide  an  Increaae  In  temperature  cauaea  an 
Increaae  In  emlaalvlty.  U>dar  moat  condltlona  and  at  moat  fraquenclat, 
a  1  percent  error  In  tea.porature  would  probably  cauae  leat  then  1  per¬ 
cent  arror  in  the  meaaurod  value  of  emlaalvlty,  but  on  the  extreme 
low  frequency  aide  the  error  In  emlaalvlty  might  b«  aa  large  ae  1  or 
A  percent. 

Further  aaai^llng  error  arlaea  from  Impurltlea  and  from  un- 
certalntlea  In  the  mixing  ratlor  of  the  gaeec.  H]0  It  the  only 
Impurity  In  the  00]  and  00]  e  N]  mlxturea  which  abaorbe  Infrared  radia¬ 
tion  In  the  reglone  of  the  CO]  banda, but  even  the  abaorptlon  by  KjO 
near  3100  cm*^  la  very  amall  ^or  hot  laeiplee  and  can  be  accounted  for 
without  introducing  algnlf leant  error,  the  00]  *  M]  mlxturea  were 
obtained  from  e  local  gaa  aupply  company  which  claimed  an  accuracy 


of  t  O.S  p«rctnt.  Unfortunatoly,  aany  of  tha  •■Italvity  MtiuraoMRtt 
ware  uda  bafora  Ic  waa  dlacovarad  chat  tha  aixlnf  ratioa  of  cha  gasaa 
did  not  aaat  tha  apaciflcallona.  lha  gaaaa  ordarad  vara  auppoaed  to 
ba  1/16,  1/8,  and  1/2  OO2,  but  vara  found  to  hava  tha  Mixing  ratioa 
of  0.074,  0.14S  and  0.S3,  raapacclvaly.  Tha  valuaa  vara  dataralnad 
by  carafully  coaparlng  tha  infrarad  abaorptlon  by  tha  pra-nlxad  ■aaq>lai 
to  that  by  aaaplaa  ailxad  In  tha  laboratory.  HaaauraManta  wara  nada 
with  an  abaorptlon  call  at  room  taaparatura.  Kapaatad  awaturaaMnCa 
cada  by  utlci)  dlffamc  Mixing  tachnlquaa  Indicated  that  tha  fracclona 
of  CO)  quotad  above  are  accurate  to  approximataly  t  1  percent  except 
fnr  the  anac  dilute  Mixture  vhlch  may  ba  In  arror  by  at  Much  aa  t  2 
percent.  Tha  purity  of  tha  "pure"  CO2  and  of  the  K2O  Invaatlgatad  waa 
probably  greater  chan  99  percent. 

Further  uncertainty  In  aaaipllng  t  Introduced  by  tha  aatall 
leakage  paac  the  wlndowa  of  tha  call.  Tha  aakall  amount  of  aaaipla  gaa 
praaanc  In  the  and  aactlona  of  tha  furnace  tanda  to  give  an  tMla- 
alvity  reading  uhlch  la  too  high,  tdtlla  the  argon  uhich  haa  leaked 
Into  tha  aaaqtla  call  tanda  to  make  tha  reading  too  low.  It  waa  found 
that  the  aMlaalvlty  MaaaureMant  waa  Inaanaltlva  to  change  In  taMpla 
and  argon  flow  rataa  over  a  wide  range,  indicating  that  tha  flow  waa 
not  too  faat  for  tha  gaa  to  heat  to  tha  proper  tan^racura  and  yet 
It  waa  eufflclantly  faat  to  provide  tluahlng.  Aa  a  raaulc  of  chaaa 
flndlnga,  along  with  the  apactra  obtained  for  the  gaaaa  bled  Into 
the  annlcor  call.  It  ««ea  concluded  that  leakage  could  not  give  rlta 
to  More  than  t  1  percent  uncertainty  In  tha  Maaaurad  valuaa  of 
aalt.^lvlty. 

Abaorptlon  by  tha  a»aU  aMou.a  of  CO2  and  M3O  which  could 
not  ba  fluahad  froai  tha  MonoehroMator  could  give  rlaa  to  a  MaxlMun 
error  In  aMlaalvlty  of  approxlaataly  0.01  at  the  fraquanclaa  of 
MaxlMuM  abaorptlon  In  tha  background.  The  abaerptanca  by  the  raaldual 
OO]  and  H]0  waa  greater  than  0.02  or  0.03  In  only  a  faw  caaaa.  Ihla 
abaorptlon  can  ba  partially  accounted  for,  ao  that  the  muxImum  error 
ahould  not  exceed  that  atated  above. 

Certain  eMail  arrora  are  Introduced  by  poaatble  nonlinearity 
of  the  detector  and  aMpllfter  and  by  acannlng  too  faat  for  the  recorder 
to  reapond  coMpletely  to  give  an  accurate  reading.  According  to  the 
InatruMant  Manufacturer 'a  apeclf  Icatlona,  the  maxlMua  error  In  eala* 
alvity  valuaa  cauaed  by  nonlinearity  of  tha  detector  and  a»pltfter 
ahould  not  ax^'ed  0.003  for  valuee  of  aMlaalvlty  near  0.30  and  ahould 
be  even  leae  for  valuaa  nearer  aero  or  unity.  Error  Introduced  by 
acannlng  too  faat  for  the  reaponaa  of  the  Mnpllfl*r  ahould  be  negligible, 
except  poaalbly  for  frequenclea  near  a  very  ataep  alopa  on  the  apectruM, 


2-12 


•uch  aa  occura  on  cha  hlfh  fraqucncy  alda  of  tha  00,  abaorptlon  Ir.  tha 
2390  oa*^  raglon.  Maxima  and  Binlaa  on  cha  raeordl^a  may  tand  to  ba 
allihtly  "roundad"  and  ahlftad  toward  tha  dlractlon  of  acan,  which  In 
tha  praa^snt  atudy  la  from  high  to  low  fraquanclaa.  Slnca  conaldaiabla 
taro  waa  takan  to  dataiBlna  tha  propar  acannlni  apaada,  which  warn 
varlod  from  one  portion  of  a  apactnaa  to  anotnar,  tha  aaxlnuB  orror 
In  oadaaivlty  dua  to  alow  "dynamic  raaponaa"  ahould  not  axcoad  0.01 
at  any  fraquoncy,  and  tha  avarapa  ovar  a  9  cm'^  intarval  la  conatdarably 
laaa. 


Tha  oparator  of  tha  digital  raad-out  machlna  can  raad  tha 
racordlnfa  with  an  ancartalnty  that  corraaponda  to  a^proxlmataly 
i  0.004  In  amlaalvlty.  Tha  machlna  program  parforma  tha  calculatlona 
aa  If  tha  curvaa  wara  coapoaad  of  atraight  llnaa  bacwwan  tha  polnta 
raad,  and  tha  polnta  wara  aufflclantly  cloaa  that  thla  "aaauaptlon" 
ahould  navar  produca  arroro  graatar  than  O.OCl  In  tha  calculated  valuaa 
of  avaraga  amlaalvlty  for  9  cm*^  Intarvala  which  ara  tabulatad  In 
Sactlona  2  and  3.  Any  othar  arrora  dua  to  tha  machlna  ara  nagllglbla, 
axcapt  for  mlatakaa  in  cha  Input  auch  aa  duplicate  carda  or  carda  which 
wara  punched  wrongly.  Output  arrora  dua  to  Incorrect  carda  ara  uaually 
obvloua  whan  cha  amlaalvlty  curvaa  ara  plotted,  and  corractlooa  can 
aaally  ha  made.  Mawavar,  It  la  poaalhla  that  a  faw  ohacura  arrora 
atlll  axlat  la  tha  tahlaa  of  Sactlona  3  and  4.  It  ao,  thaaa  arrora 
would  appear  in  a  cloaa  compartaon  of  tha  tahlaa  with  amlaalvlty  curvaa. 

Irrora  la  tha  f^qweacy  ccllhratloa  of  tha  apactromatar.  which 
are  appruliMtaly  t  1  cm*^  near  cha  2390  cm*^  region  and  t  ]  oa**  near 
3700  em*\  toad  to  ahtft  tha  opottra  hut  do  aoi  chai^  tha  atruetura. 

Of  couraa,  auch  arrora  la  eallhratlon  caa  produce  large  arrora  la  ornla* 
alvlty  at  a  particular  fraquaacy  maaaurad  on  a  ataap  alupa  of  a  apactn^, 
hu:  tha  error  Introduced  for  a  vary  wida  tatarval  or  hand  la  aagllglhla. 

•ocauaa  of  tha  many  aaurcoc  of  arroro  and  hacauaa  anna  ara 
importaat  for  aoma  condltloma  and  not  for  othara,  It  la  difficult  to 
a\aaaarlaa  tha  uncartalatlao  of  tha  raaulta  In  a  coaclaa  manner,  lut, 
tor  moat  caaaa.  It  la  haltavad  that  tha  valwaa  of  amlaalvlty  laaa  than 
0.10  ara  arohahly  accurate  to  t  0.01,  while  tha  umcorialnty  may  ha  aa 
large  aa  T  0.03  or  0.04  tor  valuaa  of  amlaalvlty  graatar  than  approximately 
0.9.  It  ahould  ha  noted  chat  dlffarancaa  in  amlaalvlty  hatweaa  natgh- 
herlag  fraquanclaa.  Which  ara  much  Uoa  than  cha  atatad  valuaa  of  un¬ 
certainty,  caa  ha  detected.  Thla  la  true  haemwaa  the  accuracy  of  cha 
"ahapa"  of  a  apactrum  la  conaldarahly  hatter  than  tha  ahaaluta  accuracy 
of  Che  meaeuromeat  at  a  olngla  frequency.  Ohamgaa  la  amlaalvlty  at  amall 
aa  0,001  or  0.002  can  frequently  ha  datactad  hatwaan  nalphhorlng  polnta. 
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SECTION  3 
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J  RESULTS:  EMISSION  BY  HOT  CO^ 
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Tttli  lactlon  contains  ths  rssults  of  amission  dscs  obCsinsd 
for  mors  than  60  ssraplss  of  CO,  snd  CO,  *  N,  sc  1200°K  snd  ISOC’^K. 
Hixturss  of  CO,  *  N,  containIn|  7.4X>  63%  and  lOOX  of  CO2  wars 

invastlgatsd  aC  totll  prassuras  bstwaan  approxlnataly  6  and  ISOO  mu  Hg. 
Tht  Ijngth  of  tha  sampla  call  %fas  7.75  cm  at  tha  high  tamparaturaa.  In 
;;anaral,  cho  spectra  wars  obtalvrad  in  sata  consisting  of  aamplaa  having 
a  flxad  tamparatura  and  fixed  mixing  ratio  but  at  different  totol  praa* 
turea.  For  a  given  sample  tha  spactra  of  tha  2350  cm‘‘  and  the  3700  ciu'^ 
regions  wars  recorded  aaparataly  Several  of  the  aamplaa  at  lower  praa- 
auraa  did  not  produce  significant  emiation  in  tha  3700  cm  ^  ragion>  and 
spactra  vara  not  scanned  in  thia  region.  Although  spactra  wars  obtained 
in  both  regions  for  many  of  Che  aamplaa,  each  spectrum  hat  bean  given  a 
different  sample  number  for  raforoncs.  8ai.pla  numbers  for  the  2350  cm  ^ 
region  are  prefixed  by  the  latter  F,  while  those  for  ths  3700  cm  * 
region  are  prefixed  by  T. 

Figures  3*1  through  3*8  show  curvet  relating  emistivlty  to 
frequency  for  the  F-tamplea.  The  curves  were  replottad  from  the  tpectra 
obtained  with  spectral  rttolution  given  by  schedule  A  in  Table  2*1. 

Since  loss  of  a  Klcla  structure  in  Che  procasa  of  rsplotting  is 
insvitable,  all  the  amissivlty  curvet  shown  In  this  report  probably 
correspond  Co  a  spectral  slit  width  1  or  2  cm  ^  wider  Chan  Chat  shown 
in  tha  corresponding  r(...lution  shcedule. 

Eniissivlty  curves  for  the  T  spactra  (3700  cm  S  region  are 
shown  in  Figures  3-9  through  3-lA.  Resolution  sched  'la  C  (Table  2-1) 
applies  to  Che  spactra  from  which  these  curves  were  obtained. 
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The  growth  of  the  enletlon  with  Increasing  proeiure  1<  soen 
to  be  quite  large.  It  la  wall  known'  from  similar  studies  of  absorption 
by  gaaas  at  lower  tamparaturaa  that  tha  growth  obaarvad  by  Incr  islng 
the  pressure  of  a  aivan  mixture  la  a  result  of  both  tha  Incraasa  In 
cpMcal  thlokiisss  and  tha  incraasa  In  line  width  assoclatad  with  higher 
pL-aaaura. 


In.Plgura  3>15  are  shown  a  aat  of  curves  relating  /c(v)dv  over 
tha  2330  cm*^  region  to  total  prassura  for  four  different  gaa  mixtures 
at  1200°K.  Tha  quantity  /cOvdv  correspond*  to  tha  quantity  /A(v)dv 
which  la  frequently  used  lu  absorption  studies  of  gases  because  It  la 
Independent  of  tha  slit  function  undar  usual  experimental  conditions, 
provided  tha  Integration  la  carried  out  over  tha  entire  region  of 
absorption.  The  features  of  the  curves  of  Figure  3-13,  which  are  drawn 
on  log-log  scales,  arc  quite  similar  to  curvi  '\^of  /A(v)dv  for  samplaa 
at  room  tamperatura  which  have  baan  publlthad.  Tha  curves  contain  an 
almost  straight  portion  and  tend  to  level  off  at  higher  prassuras  as 
the  amlaalvlty  approaches  a  maximum  value  of  unity  over  much  of  tha 
region,  and  the  only  growth  occurs  In  the  wings  of  the  emitting  region. 

In  order  to  demonstrate  tha  affect  of  Incraaslng  prassura 
while  maintaining  constant  optical  thlc'  nasa,  points  ware  read  from 
the  curves  of  Flgura  3-13  and  plotted  In  F'gura  3-16,  whare  jsch 
curve  corresponds  to  a  constant  value  of  optical  thlcknaia.  A  rather 
small  depandanca  on  pressure  la  obsarvad;  tha  maximum  elope  of  any  of 
the  curves  la  approxlmatvly  0.2,  which  Indlcataa  that  tha  maximum 
depandanca  on  praaaura  la  F^'^.  It  should  be  noted  that  tha  total 
praaaura  used  In  tha  abtclsaa  of  Flgura  3-16  la  dua  to  CO2  N2;  and 
different  points  vsad  in  obtaining  the  curvea  raprasant  samples  having 
different  ratios  of  tha  two  gasaa.  No  attempt  has  been  made  to  account 
for  tha  different  broadening  abilltlas  of  tha  gaaas  to  obtain  an  equiva¬ 
lent  prasjura  which  la  olractly  related  to  the  widths  of  tha  spectral 
lines.  Tha  nacasslty  of  accounting  for  tha  different  broadening  ablli- 
tlas  haagbaan  explained  In  considerable  detail  by  Burch,  Singleton,  and 
Wllllams°.  The  curves  of  Flgura  3-16  llluatrats  tha  effect  of  prassura 
broadening  by  an  Inart  gas,  N2;  bu;  tha  dapandancs  of  smiaslvlty  on 
line  width  cannot  bo  determined  until  moaauremontt  of  tha  different 
broadening  abilities  have  bean  made.  Such  maasuramenta  are  planned  In 
the  near  future  as  a  part  of  tha  present  Inveatlgatlon. 

Information  about  aach  aampla  and  about  the  maasursmants  era 
given  In  conaldarabla  detail  In  Tables  3-1  and  3-2,  covering  the  2330  cm 
and  3700  cm*^  regions,  raspavtlvely.  Tha  tables  wore  compiled  by 
"stripping  In"  the  output  from  tha  IBM  computer  for  aach  sample)  tha 
tables  ware  than  photographed  and  redurad  to  page  alt*. 
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FIGDSE  3-16.  /  €  (v)  FOR  THE  2350  CM”  REdOII  VEKSDS  THE  TOTAL  FKESSORE  FOR 

SiMFLES  HAVZHG  CORSTART  VALDES  OF  OPTICAL  THICKHESS 


INFORMATION  FOR  USAGE  OF  TABLES  3-1  ANU  3-2 


Tabltt  3*1  and  3*2  hava  baan  dlvidad  Into  porttona  3''1A; 
'i-lB,  atc.,alneo  tha  Infornation  for  all  tha  aamplaa  Includad  In  aach 
table  could  not  bo  put  on  a  atngla  page.  For  example,  3'IA  covers 
aamplaa  FI  through  F7)  3-lB  covara  F8  through  F14,  etc.  Tablaa  3-lA, 
3*1B,  ate.  era  aach  on  one  paga,  whllt  3-2A,  3-2B, ,and  3-2C  era  aach 
two  pagoa  long. 


Tha  following  Information  regarding  aach  aamplo  la  glvan  at 
tha  top  of  each  table:  The  number  aaalgned  to  each  mampla,  tha  tempera¬ 
ture,  total  praaaura,  ratio  Ot  the  partial  preaaura  6f  CO,  to  tha  total 
preaaura,  thu  optical  thlcknaea  u,  In  atmoa  cm  STP,  /cCv)Bv  over  the 
entire  region  of  abaorptlon,  and  the  number  of  tha  figure  containing 
tha  enlaalvlty  curve. 

Tha  Interval  la  given  In  cm*^  In  the  flrat  column  and  In 
mlcrona  In  tha  aaeond  column.  The  third  and  fourth  columna  apply  to 
aampla  Fl,  tha  fifth  and  alxth  to  F2,  etc.  In  the  left-hand  column 
under  each  aample  la  given  1,  the  average  value  of  amlaalvlty  over 
the  Interval;  tha  right-hand  column  ujjdar  each  ample  glvaa  tha  radi¬ 
ance  N  over  the  Interval  In  watta  cm~^  ataradlan*^.  The  multiplication 
factora  lOO  and  10,000  at  the  top  of  tha  columna  ahould  bo  noted. 


The  flrat  portion  of  each  table  la  devoted  to  Intervala 
50  wide;  and'  the  remainder  la  for  Intervala  5  cm*^  wide.  Radi¬ 
ance  valuae  fur  aach  S  cm*^  Interval  are  found  by  multiplying  5  times 
the  average  amlaalvlty  over  the  Interval  b>  N*(v  ),  tha  apoctral 
radiance  at  tha  center  of  the  Interval  of  a  '^lacKbody  at  tha  temperature 
of  the  gaa.  nB(v),  the  spectral  radiance  of  a  blar\body  at  frequency 
v(cm*^)  at  tomparaturo  9  la  given  by: 


N®(v) 


(3-1) 


2 

The  power  radiated  from  a  1  cm  surface  of  the  gas  sample  In 
the  frequency  Interval  Involved,  through  a  email  solid  angle  u>  In  a 
direction  perpendicular  to  the  aurfaco,  la  given  by  coN.  The  requirement 
for  tha  power  to  equal  uiN  le  that  the  cosine  of  the  angle  between  the 
eurfaca  and  any  of  the  rays  In  the  beam  be  approximately  equal  to  unity. 


The  total  power  radiated  In  a  hamlsphara  from  a  1  cm 
surface  of  a  blackbody  la  given  by  nN*(v). 


2 


flat 
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Vtiutt  of  M  for  tho  SO  cn~^  Intorvali  w«r«  found  by  sunnliu  the 
values  for  the  ten  S  cm  ^  Intervale  Included;  valuee  of  c  for  SO  cm  ^ 
intervale  were  found  by  taking  one- tenth  the  sum  of  the  valuae  of  c  for 
the  ten  S  cm  ^  intervale. 

Although  the  output  of  the  computer  included  two  figures  after 
the  decimal  point  in  the  c  columns  aid  three  figures  after  the  decimal 
point  in  the  N  column,  the  last  figure  in  each  of  tho  columns  should  not 
be  considered  significant.  Uncertainties  in  tho  tabulated  values  are 
discussed  in  Section  2. 
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SECTION  4 


RESULTS!  EHISSION  BY  HOT  HjO 


Rtiulti  on  MUalon  ■••■urMonti  of  II  ■■aiplai  of  pur«  H.O 
vapor  at  900^K,  1200^,  and  1300^  ara  praaantad  In  thia  aactlon. 
Praaauroa  wara  vallad  froa:  approxlMtaly  4S  to  760  wm  Ns,  with  a  aaaipla 
call  langth  of  7.73  cm.  rigurM  4*1  to  4>3  ahow  aailaalvlty  curvaa  ra* 
plottad  froM  apactra  obtainad  with  raaolution  achadula  C  (Tabla  2>I), 

Aa  in  tha  caaa  of  tha  CO.  aaiaalvlty  curvaa  a  aaall  aaount  of  Infornatlon 
baa  baan  loat  In  tha  rapfottlnf.  lu  a  faw  calaa  it  appaarad  that  tha 
autooMtlc  raplottar  did  not  aova  In  itratsht  Ilnaa  batwaan  tha  polnta  on 
aoaia  of  tha  ataap  aUpaa.  Tha  arror  tandad  to  aaka  tha  aaUalon  Ilnaa 
appaar  allghtly  narrowar  than  thay  ahould,  Tha  unrartalnty  In  t.h« 
aalatlun  curvaa  la  aoMvhat  graatar  on  tha  low  froi^uancy  alda,  balow 
approxlaataly  3100  ca*%  than  In  othar  portlona  of  tha  apactrua.  Tha 
graat  ir  uncartalnty  In  thla  ragton  la  duo  to  cwo  factori.  Tha  firat 
la  th-  t  tha  racordar  dafloctton  Ip  thla  region  la  only  about  301  of 
full  acala  on  tha  original  apacArd.  Tha  other  factor  la  tha  error  In 
fitting  tha  apactrua  to  tha  background  bacauaa  tha  two  curvaa  converge 
10  gradually  that  It  la  difficult  to  datoralno  where  thay  ahould  neat. 

Raaulta  of  tha  calculatlona  of  «  and  N  ara  given  In  Table  4-1 
In  tha  aaaa  fora  at  tha  CO.  roaulta  In  Tablaa  3-1  and  3-2.  Information 
about  tha  contanta  of  the  fabloa  la  given  juit  prevloua  to  Tabla  3-1 
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SECTION  S 


TRANSMISSION  OF  RADIATION  FROM  HOT  CO2  THROUGH  COLD  CO2 


Introduction  and  Th«oftlc«I 

In  doallng  with  tho  dotoctlon  of  hot  gti  tourcot  luch 
rockot  plumoi  and  Jot  axhauata,  tho  problom  of  trantnlaalon  of  tho 
Infrarad  radiation  through  tha  atmoaphara  la  aa  Important  aa  tho 
problom  of  amlaalon  by  tha  hot  gaa.  Thle  la  particularly  trua  alnca 
H2O  and  CO2,  tha  main  radiating  conatltuanta  In  flamaa  alao  occur  In 
rna  atmoapnara.  Since  tha  omlaalvlty  of  a  gaa  la  largo  at  tha  aama 
fraquancloa  aa  tha  abaorptanco,  tha  gaaaa  tend  to  radlata  at  fraquanclaa 
whara  thara  art  atmoapharlc  abaorptlon  banda.  Much  work  on  tha  trana- 
mlaalon  of  atmoapharlc  gaati  haa  boon  dona  ao  that  It  la  now  poaalblo  to 
oatlmata  tha  tranamlttanca  of  atmoapharlc  patha  covering  wlda  rangaa  of 
path  length,  praaaure  and  atmoapharlc  compoaltljn.  From  thaaa  aatlmataa 
It  la  poaalbla  to  determine  the  fraction  of  the  radiant  power  from  a 
aourca  that  la  tranamltted  If  tha  apoctral  radiance  of  tha  aourca  la 
conatant  over  tho  apoctral  Interval  being  conaldorod,  Howovor,  If  tho 
apoctral  radiance  of  the  aourca  varlaa  rapidly  with  wavenumber,  aa  la 
frequently  true  for  a  hot  gaa,  the  amount  of  tranamltted  power  cannot 
ba  determined  directly  from  the  tranamlaalon  data  that  are  available. 

The  reaaon  for  thla  can  be  explained  by  ^ho  uta  of  the  almpllfled 
model  llluatrated  In  Figure  S'l. 
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?ANBL  c  PANEL  d 

Fig.  5-1 

A  Simple  Model  Showing  the  Effect  of  Coincident  Llnei 

The  upper  portion  repreiente  the  tilt  tranemleilon  function  of 
the  monochromator,  which  la  aero  outalde  mf  tha  apactral  Interval  wide 
and  centered  about  v>  Of  courae,  this  la  not  a  raallitlc  allt  function, 
but  It  la  almple  and  will  aerve  tha  preaant  purpoaa.  Panel  b  rapraaanta 
the  true  apectral  Intenalty  of  a  hot  gaa  aourca  having  two  amlaalon  llnaa 
In  the  Interval  Av)  each  la  aaaumad  to  ba  0,25  Av  wide  and  to  hava 
unit  Intenalty  In  arbitrary  unlta.  In  obaervlng  thla  aourca  with  a  mono¬ 
chromator  having  the  allt  function  Indicated  the  amlaalon  llnaa  would  not 
bo  raaolved,  and  with  tha  monochromator  aet  at  v,  the  algnal  on  the 
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dicactor  would  bi  proportional  to  tha  avarago  Intanaltv  ovar  av.  Now 
aaavua  that  tha  radiation  from  tha  hot  gaa  paaaaa  through  a  aampla  of 
cold  gaa  having  a  true  tranamlttanca  curve  Ilka  that  ahown  <n  panel  c 
of  Figure  9-1.  In  thla  axampla  tha  abaorptlon  llnai  of  tha  cold  gaa  air 
culucldant  with  tha  atnlaalon  llnaa  ct  tha  hoc  gaa.  Penal  J  of  Lha  figure 
rapraaanta  tha  apectral  Intanalty  of  tha  tranamlttad  radiation  obtained 
from  tha  product  of  tha  curvaa  In  panaia  b  and  c.  The  maximum  apectral 
Intanilty  of  each  lino  will  bo  raducad  to  ona-half  unit,  and  tha  algnal 
will  ba  reduced  to  half  Ita  alta  by  the  cold  gat.  Tha  obaarvod  trana¬ 
mlttanca  of  the  cold  gaa,  defined  aa  T>(v)»whon  uaad  with  thla  gaaooua 
lourea  of  radiation  la  0.9.  It  can  ba^aaan  that  If  apactral  Intanalty 

of  tha  radiation  Incident  on  tha  gaa  worn  conatant  over  tha  obaarvad 
tranamlttanca  T„(v)  at  v  would  bo  0.79,  the  average  of  the  true 
tranamlttanca. 

Thua,  It  la  apparent  that  tha  fraction  of  tha  radiation 
tranamlttad  by  a  cold  gaa  aampla  having  unreaolvod  "atructuro"  la 
dapondont  on  tha  atructura  of  tha  omitting  gat.  In  the  example  given 
hara,  In  which  tha  amlaalon  llnaa  and  abaorptlon  llnaa  are  coincident, 
Tt(v)  <  7(,(v).  It  la  apparant  that  If  tha  abaorptlon  llnaa  warn  dla- 
ptaoad  ao^that  they  occurred  In  batwaan  tha  amlaalon  llnaa,  TF(v)  would 
ba  greater  than  T^Cv). 

Whan  obaarvlng  hot  CO.i  fot  axampla,  through  an  ataoaphorlc 
path  containing  cold  CO.,  It  la^oxpactad  that  many  of  the  abaorptlon 
llnaa  will  eolnclda  wltn  the  amlaalon  llnaa,  with  tha  rbault  that 
Tt(v)  <  Tg(v).  Tha  problem  la  ceaiplleatad  by  tha  fact  that  there  are 
miny  llnaa  which  contribute  alinlflcantly  to  tha  amlaalon  by  hot  CO. 
but  are  nagllglbla  in  cold  CO,^^.  Tha  rolatlva  Intenaltlaa  of  man^ 
of  tha  llnaa  alao  change  eonaidarably  aa  tha  CO.  la  heated.  Thua,  one 
axpacta  that  there  would  ba  aoma,  but  not  compllta,  corralatlon  batwaan 
tha  llnaa  of  the  emitting  and  abaorblng  gaaaa. 

The  Ideal  method  to  Invaatlgata  T*(v)  and  Ita  deviation  from 
T-(v)  would  Involve  a  ayatam  In  which  a  variety  of  cold  aamplaa  could 
ba  contained  In  an  abaorptlon  call)  and  for  aourcaa  of  -.adlatlon  one 
would  have  both  a  hot  gaa  aampla  and  a  contlnuoua  aourca,  luch  aa  a 
Narnat  glower.  It  would  ba  daalrabla  to  bo  able  to  vary  the  optical 
thicknoat,  proaauro,  and  tamparatura  of  tha  hot  gai  and  to  have  it  at 
uniform  proaaura  and  tamparatura.  At  axplalnod  In  gactlon  1,  it  ii  not 
faaalbla  to  uao  a  gaa  aampla  In  tha  furnace  aa  a  aourca  of  radiation 
bacauao  of  radiation  from  tha  wlndowoi  and  an  opon  flame  haa  tha  diead- 
vantaga  that  the  tamparatura  la  not  uniform  and  thorn  are  limitationa  on 
the  proiauraa  and  optical  thlcknoaaoa  which  can  bo  obtained. 
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Although  it  la  not  faatibla  to  uae.a  aampla  in  tha  futnaca  aa 
a  radiation  aourca,  it  la  poaalbla  to  maka  tranamlaal‘>n  maaauramanta 
under  aoaa  conditlona  which  anabla  ona  to  calculate  the  value  of  T*(v) 
for  a  cold  aaaipla  that  would  ba  obaarvad  If  tha  aampla  in  tha  furnaca 
wara  tha  aoutca.  Tha  maaauramanta  era  mada  In  a  mannar  almllar  to  thoaa 
dobcrlbad  In  Sactlon  3  and  4,  axcapt  that  tha  optica  tank  la  uaed  aa  an 
abaorptlon  call  In  "aariaa"  with  tha  furnace.  Abaorptlon  apactra  ara 
mada  In  acta  of  thraa:  tha  fir at  with  a  aampla  In  tha  furnaca  and  tha 
abaorntlon  call  avacuatadj  tha  aacond  with  tha  aama  aampla  in  tha  furnaca 
and  another  aampla  In  the  abaorptlon  call,  Tha  third  apactrum  la  than 
obtalnad  with  tha  furnaca  avacuatad  and  tha  aampla  laft  In  tha  abaorptlon 
call.  Prom  tha  thraa  apactra,  valuaa  of  T^Cv),  (hot  |aa)|  T„.(v),  (hot 
and  cold  gaa))  and  T.(v),  (cold  |aa),  raapactlvaly,  ara  calcuxatad  at 
aavaral  fraquanclaa  throughout  tha  band.  It  la  ahown  balcv  that  the 
value  of  T*(v)  at  thaaa  anma  fraquanclaa  can  bo  calculatad  from 


T>(v)  -  T„_(v) 


(5-1) 


Derivation  of  T*(v) 

With  tha  monochromator  aat  at  fraquancy  (v),  D  (v)  la  tha 
recorder  daflactlon  obaarvad  with  no  aampla  In  the  furnace  or  In  tha 
cold  abaorptlon  coll,  ualng  a  glower  eourca. 


D^(v) 


/  H(v)  C(v)  f(v)  dv, 

6  V 


(5-2) 


where  N(v)  la  tha  apaatral  radiance  of  tha  glower  and  C(v)  la  a  variable 
quantity  which  daponde  on  tha  aparturo  and  tranamlttanca  of  the  optical 
ayatom,  not  Including  tha  allta,  and  on  tha  loniltlvlly  of  tha  detector 
and  amplifying  ayataa.  f(v)  la  tha  allt  function  cf  the  monochromator j 
l.a.,  the  tranamlttanca  of  tha  monochromator  over  tha  Interval  ttf  paaaad 
by  tha  allta.  If  a  aampla  of  gaa  la  put  In  tha  cold  call,  with  all 
othar  parte  of  tha  optical  ayataa  kept  tha  tame,  tha  recorder  daflactlon 
will  ba  given  by 


Dj,(v)  .  /  M(v)  C(v)  f(v)  exp  f-k  (v)  u  ]  dv.  (5-3) 

tv 

k  (v)  la  tha  true  abaorptlon  coefficient  of  the  cold  aampla  aa  would  bo 
obaarvad  with  an  Inatrumant  having  Infinite  raaolvlng  power,  and  u  la 
tha  optical  thlcknaae  of  tha  cold  aampla.  with  a  Harnat  glower  ana  an 
optical  ayatam  of  the  type  u»«td  In  the  praaant  Invoatlgatlon,  It  la 
uaually  tafa  to  aaaum.'  that  N(v)  and  C(v)  ara  cenatant  over  Av  (from  3 
to  15  cm'^)  and  can  be  removed  from  wdar  tha  Integral  tlgn. 
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f(v)  .xp  [-k^,(v)  u^] 


<xp  [-k^^(v)  u^^] 


dv 


(5-6) 


Slnca  wt  era  intarattad  In  i«l«tln|  cha  quantltlai  glvan  by 
aquation!  3-4,  3-3.  and  3-6  to  Tj(v),  tha  tranamittanea  of  tha  cold 
aampla  that  vould  ha  obaarvad  If^tha  hot  gat  ware  uaad  at  tha  aourct 
of  radlatlOHi  wa  aatuna  anothar  optical  and  dataettng  ayatan  which  ia 
diffarant  from  tha  praaant  ona  axcapt  chat  it  nuat  hava  tha  tamt  alit 
function  f(v}.  Wa  dafina  DA’  at  tha  aignal  or  racordar  dafltcCion 
obaarvad  at  fraquancy  v  if  M  blackbody  at  tha  tamparaturt  of  tha  hot 
gaa  wara  vlawad  through  tha  aaauaad  tyatam  with  no  abtorbing  gat  in  tha 
btam,  If  wo  raplaca  tha  aanaitlvity  conatant  C(v)  in  aquation  3-3  by 
C*(v)  chan  it  givtn  by 

njj"(v)  .  n’(v)  C*(v)  f(v)  dv,  (3-7) 

whoro  W^(v)  it  tha  apoctral  rtdianca  of  tha  blackbody. 
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If  tht  hot  gat  eanpla  inctaad  of  tha  blackbody  vara  vlawad 
with  tha  aama  lyatam,  tha  tlgnal  would  ba 

r 

l«(v)  ■  C*(v)»*(v)/  f(»)  <  >  Iv,  (!-e) 

iv  1_  J 

whara  tha  tartn  In  btacaa  la  tha  trua  amlailvlty  of  tha  hot  gaa.  Now  if 
tha  radiation  from  tha  hot  gaa  paaaaa  through  tha  cold  gaa  aanpla,  tha 
obaarvad  algnal  will  ba 

r  1  r  1 

Dj|j.(v>  •  C*(v)n“(v)/  f(v)  <  l-axp[-k^(v)Ujj]  V  <  ajtp(-kj,(v)Uj,A  dv. 

L  J  L  J  (V9) 

By  tha  dafliltlon  of  Tj|(v),  It  la  glvan  by  Cjjc/Ojl'  Tharafora.  TiJ(v)  « 

/  f(v)axp[-kj,(v)Ujl-/^  f(v)axp[-k^(v)Ujj)axp(-kj,(v)Upldv 


/  f(v)dv  •  /  f(v)axp[-k^(v)UjjJ  dv 

It  la  notad  that  If  aach  tar«  In  aquation  (5*10)  la  divided  by  /  f(v)dv, 

dN 


T^<V)  -  Tur('')  T-(v)  •  V(v) 


(5-r) 


I,  It  la  peaalbla  by  tha  uaa  of  aquation  (3*11)  to  dataralna  TJ( 
>  tha  thraa  maaturaaanta  of  tranamlttanca  aada  at  tha  aiM  valDa 


of  V.  It  ahould  ba  notad  that  tha  aaaauraiMnta  auat  bn  aada  with  tha 
aaaa  allt  function!  tha  calculated  value  of  TJ(v)  than  appllai  to  tha 
aana  allt  function. 


Sine*  cha  affact  of  corralacion  baevaan  th#  llnat  appaari  aa  a 
diffarnnea  batvaan  Tt(v)  and  T  (v),  Cha  maaauramanta  ara  mada  ufuiar  condl- 
tlona  In  which  thia  alffarancc  can  ba  daCarminad  with  raaaonabli  accuracy. 
In  chla  ragard  tha  tachnlqua  daacrlbad  la  not  uaaful  for  valuaa  of  T  Cv) 
or  T^(v)  naar  laro  or  naar  unity.  Tf  T  (v)  in  naar  taro  or  unity,  o?  If 
T„  la  naar  aaro,  tha  dlffaranca  batwain  T-(v)  and  Tt(v)  la  ao  amall 
that  It  cannot  ba  datanalnad  with  mu^h  accuracy,  if  •  1,  a  amall  error 
In  Ita  maaauramant  will  glva  rlaa  to  a  larga  arror  In  tha  calculatad  valua 
of  T*(v),  alnca  tha  danomlnator  In  aquation  (3-1')  bacomaa  amall.  For  thla 
raaafln,  maaauramanta  of  ^(v)  hava  baan  llmltad  to  apactral  raglona  ovar 
lla^atwaan  0.1  and  0.9.  In  order  to  Invaatlgata 
dlffaraHt  apactral  raglona,  tha  praaauraa  and  optical  thlcknaaaaa  of  tha 
aamplaa  ara  changad  ao  that  T  (v)  ajjd  t  (v)  u,  within  tha  praacrlbod 
llmlta  In  tha  daalrad  Intarvaf.  ^ 

In  tha  dlacuaalon  of  the  alspla  modal  llluatratad  In  Figure  5-1, 
It  waa  notad  that  T*(v)  <  T  (v)  If  tha  amlaalon  llnaa  ara  colncldant  with 
tha  abaorptlon  llnak,  and  T»(v)  >  T  (v)  If  cha  amlaalon  llnaa  occur  ba- 
twaan  tha  abaorptlon  llnaa.  If  tha^poaltlona  and  atrangCha  of  tha  amlaalon 
llnaa  occur  at  random  with  raapact  to  tha  abaorptlon  llnaa,  than  T*(v)  • 
^(v).  Whan  TJ(v)  •  Tg(v),  thara  li  aald  to  bo  no  correlation  batSaon  tha 
Mlaalon  llnaa  and  cha  abaorptlon  llnoa.  It  can  ba  aoan  froai  aquatlona 
3-1  chat  Tjjg(v)  •  Tn(v)  k  under  thla  condition. 

-I  **'^'*^  maaauramanta  hava  baan  mada  In  tha  apactral  region  naar 
J7W  cm  with  hot  H-O  In  Cha  furnace  and  cold  CO,  In  Cha  abaorptlon  tanki 
and  It  haa  baan  fount  that  Tt(v)  •  I  (v).  Thla  riault  la  not  aurprlalni 
alnca  It  can  ba  aaan  from  hlgh-raaolOtlon  tpactra  that  thara  la  little,  if 
any,  eorrnlatloa  batwaan  the  pealtlona  of  g  o  ?lnaa  and  CO,  llnaa.  It  haa 
alao  been  ahown  pravloualy*"  that  tha  produtt  of  cha  tranallttancoa  of  a 
water  vapor  aamfla  and  a  00,  aampla  obtained  aaparataly  la  equal  to  tha 
product  of  the  two  aamplaa  tn  aarlaa,  whan  both  aao^laa  ara  at  room 
tamparatura . 

It  can  ba  aaan  fr<a  aquation  (5-b)  that  T^(v)  .  T  (v)  *  T  (v) 

If  aMhfl  «»»»»tant  ovar  Av  ao  tha^tha  aa^antlal^ 

factor  InclDdlng  It  fan  bn  removed  from  under  tha  Integral  algn.  Thua, 
a  dlffaranca  batwaan  Tf(v)  and  T  (v)  occur a  only  whan  thara  la  unraaolved 
itructura  In  both  thf  amlaalon  apactrun  and  tha  abaorptlon  apactrtmi. 

It  followa  that  k  (v)  and  kj^(v)  will  ba  conatant  over  one  apactral  allt 
width  aa  la  mala  vary  aJll  ao  that  It  la  much  laaa  than  cha  half-width 
of  all  tha  llnaa.  for  tha  praaauraa,  tmiparaturoa  and  allt  wldtha  ancoun- 
tarad  In  tha  praaant  atudy,  Ow  la  2  dr  J  ordara  of  magnitude  larger  than 
tha  half-width  of  tha  apactral  llnaa". 
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In  ca«  uppar  portion  of  FlRura  3*2  it  shorn  s  curvo  rslatlng 
aaistlvlty  to  wsvanwibor  for  tha  CO.  saaipla  Indtratad;  and  tha  solid 
curvas  in  tha  lowar  portion  ara  transnittanca  curvas  for  tvo  cold  saa- 
plcs.  Tha  x's  on  the  Uollad  curva  in  tha  lowar  panal  raprasant  valuas 
of  T*(v}  which  warn  calculatad  for  tha  10  ■■  Hi  saapla  if  tha  hot  saaipla 
raprasantad  in  tha  uppar  panal  wara  tha  sourcs.  Valuas  of  T*(v}  trara 
datarainad  by  inaarting  into  aquation  (3-1')  tha  aeaaurad  valuas  of 
T^(v),  T„(v)  and  (v)  for  tha  saaiplaa  involvad.  Siailarly,  tha  *’• 
riprasanr  valuaa  of^TfCv)  for  tha  1.3  ■■  Hg  saapla  with  tha  aaaa  hot 
SMpls  at  tha  aourca.^  It  is  taan  that  Tt(v}  is  contidarably  lass  than 
T^(v)  ovar  moat  of  tha  tpactral  intarval^i^ara  it  can  ba  calculatad. 

If  ona  coaparad  valuaa  of  Ap(v)  •  1  -  T.(v)  and  AS(v)  in'taad  of  T  (v) 
and  T*(v),  it  is  taan  that  ^(v)  ia  nor  a  than  twica  as  graat  at  Ap^ovar 
a  considarabla  portion  of  thi  spactruai  of  tha  '.3  h  Hg  saaipla.  Tha 
curvas  in  Pigurat  3-2,  3-3,  and  3-4  ara  basad  on  apactrs  obtainad  with 
slit  widths  givan  by  Rasolutior  Si-hadula  ■  in  Tabla  2-1. 


It  is  notad  that  tha  saaiplaa  raprasantad  in  Figurt  3-2  art 
at  ralativaly  low  pratauraai  thus  ona  would  «apact  tha  tpactral  linat 
to  ba  narrow,  giving  risa  to  a  larga  variation  in  tha  absorption  cotf- 
ficiant  k(v)  ovar  a  tpactral  intarval  corraaponding  to  ona  slit  width. 
Sinca  tha  '  atructura"  in  tha  band  givat  riaa  to  tha  diffaranca  batwaan 
T.  and  Tf,  ona  would  aapact  this  diffaranca  to  ba  graatatt  for  lowait 
prasturaa. 


Figura  3-3  includat  a  tiaiilar  tat  of  curvas  with  tha  hot  taai- 
pla  cOMpotad  of  a  diluta  nixtura  of  CO.  in  N.,  thua  producing  a  taaiflo 
of  low  optical  thicknaaa  but  high  pratiura.  ^It  it  wall  known^*  from 
pravious  trana«itsi«i  atudiat  that  tha  structura  of  a  band  it  dacraatad 
by  incraating  tha  praasura  and  dacraaaing  tha  optical  thlcknass.  On 
this  basis  ona  would  si^act  that  tha  diffaranca  batwaan  T_  and  Tf  would 
ba  last  for  a  givan  cold  saapla  whan  tha  hot  saapla  it  at^igh  praasura 
and  low  optical  thlcknass  than  whan  tha  hot  saaipla  it  at  low  praasura. 
Cooparison  of  figura  3-3  with  Figura  3-2  taont  to  boar  out  this  axpacta- 
tion  in  tha  cats  of  tha  1.3  m  Ng  saaipla.  Nowavar,  tha  diffaranca 
batwaan  T.  and  T*  for  tha  largar  cold  tamplas  (9  np  gg  and  10  tm  Rg) 
it  not  gristly  dlffarant  in  tha  two  figurat.  ginca  conplata  ”a«»othlng‘' 
of  tha  structura  of  aithar  tUa  hot  or  cold  soapla  would  alloinata  any 
affoct  of  corralation,  it  can  ba  contludad  frop  Figura  S-1  ‘hat  a 
significant  apownt  of  structura  still  axlstt  in  tha  hot  tappla  bt  a 
praasura  of  1130  pa  Ng. 
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Figure  5-4  ahowa  too  pairs  of  curves  obtained  with  larger 
samples  to  Investigate  ':he  low  wavenumber  side  of  the  region.  The  large 
cold  stuttples  were  obtained  by  usliig  ^he  multiple-pass  mirror  system  In 
the  optics  tank  as  shown  In  the  left-hand  portion  of  Figure  2-1.  The 
x’o  adjacent  to  curve  A  (lower  panel)  represent  calculated  vatues  of 
T*  (v)  for  the  same  cold  sample  when  the  hot  source  Is  the  one  whose 
emlsslvlty  Is  shown  by  curve  A  In  the  upper  pa\el.  Although  the  calcu¬ 
lated  values  appear  to  lie  close  to  the  steep  portion  of  the  curve,  most 
of  them  lie  below  the  curve  by  an  amount  corresponding  to  a  difference 
In  tra>.Hmlttance  of  approximately  0.04.  This  dlffei  :nce  Is  believed  to 
be  significant,  and  one  can  conclude  that  there  Is  some  correlation 
between  the  emission  lines  and  the  absorption  lines  In  this  region. 


It  is  noted  that  curve  B  In  the  lower  panel  contains  a  region 
of  low  transmittance  between  2000  and  2150  cm  but  emlsslvlty  curve  B 
In  the  upper  panel  contains  no  corresponding  maxluum.  Since  the  gross 
structure  of  these  two  spectra  are  greatly  different  In  this  region,  It 
Is  of  interest  to  check  for  correlation  between  the  emission  and  absorp¬ 
tion  lines.  The  x's  adjacent  to  B  In  the  lower  panel  represent  values  of 
T*(v)  calculated  by  using  the  hot  source  corresponding  to  B  In  the  top 
panel,  with  the  exception  of  2  or  3  points,  the  x's  seem  to  fall  very 
close  to  the  curve,  indicating  that  there  Is  very  little,  IC  any,  corre¬ 
lation  between  the  positions  and  Intensities  of  the  lines  In  the  twe 
samples.  This  result  Is  not  surprising  since  the  gross  appearances  of 
the  spectra  of  the  samples  are  greatly  different,  indicating  that  the 
relative  contributions  of  the  different  vibration-rotation  lines  are 
different. 


Figure  5-5  shows  two  aets  of  curves  for  the  region  near  3700  cm 
which  are  based  on  spectra  obtained  with  slit  widths  given  by  Resolution 
Schedule  0  In  Table  2-1.  As  In  the  previous  figures,  the  -f's  end  x's 
represent  calculated  values  of  T*(v)  for  the  cold  samples  with  the  sample 
represented  In  the  upper  panel  al  :he  source.  It  Is  seen  that  the  calcu¬ 
lated  values  of  T)![(v)  fall  slightly  below  the  curves  of  T  (v),  as  was 
found  to  be  true  Tor  the  2350  co*^  region. 

Future  Plane 

The  multiple-pass  absorption  cell  having  a  base  length  of 
29  meters  will  be  used  to  contain  samples  of  rether  large  optical  thick¬ 
ness  and  very  low  pressure  In  order  to  Investigate  the  "line  correlation 
effect"  under  conditions  where  It  should  be  greatest.  The  shorter  cells 
have  been  used  In  the  past  because  of  an  unueual  delay  In  the  delivery 
of  the  big  mlrrorefor  the  longer  cell.  A  flame  pf  CO2  produced  by  burning 
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CO  In  0  will  b«  ui«d  ai  an  optically  thin  aource;  l.a.,  T„?l.  T* 
for  cola  lamplau  can  ba  fflaaaurcd  diractly  by  comparing  tha  algnal  from 
tha  flama  aftar  paaalng  through  tha  aampla,  to  tha  algnal  with  tha 
absorption  call  avacuatad.  Tha  radiation  from  tha  flama  will  ba  choppad 
between  the  flama  and  absorption  call. 

Similar  maaauramants  will  b>  made  with  H.O  samplas  In  t‘>  ■  long 
absorption  call  and  In  tha  furnace.  H2O  flamaa  will  be  produced  by  burn' 
iiig  ^2  In 


I 
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APPENDIX  A 


FURNACE  AND  SAMPLE  CELL 


The  furnace  was  designed  and  built  as  shown  In  Figure  A-1  by 
the  members  of  the  Materials  Department  of  the  Aeroniitronlc  Research 
Laboratories  under  the  supervision  of  Dr.  W.  M.  Fassell,  Jr.  and  Mr. 
Robert  Hale.  It  was  designed  to  heat  gas  samples  contained  In  a  small 
cell  located  In  the  center  portion  of  the  furnace  to  temperatures  as 
high  as  2000°K. 

Heat  Is  provided  by  three  resistance  elements  composed  of  Mo 
wire  wound  on  McDanel  AP35  alumina  (Al.O.)  tubing  which  has  an  I.D.  of 
approximately  3.8  cm  and  wall  thlckness^oi  0.3  cm.  The  alumina  tubing 
is  more  than  99X  pure  and  is  Impervious.  A  ceramic  substance  which  Is 
put  on  In  the  form  of  a  paste  made  from  pure  Al,0.  powder  and  water  Is 
used  to  hold  the  colls  of  the  heater  elements  ap.rt.  Most  of  the  heat 
Is  supplied  by  the  main  heater  which  is  approximately  35  cm  long.  The 
other  two  heaters,  called  end* heaters,  are  each  about  6  cm  long  and  can 
be  controlled  Independently  to  provide  a  reasonably  uniform  temperature. 
Two  different  sample  cells  have  been  used  to  date;  the  shorter  one, 
which  Is  7.65  cm  long  at  room  temperature,  can  be  heated  to  2000°K  with 
a  maximum  temperature  variation  of  -  5®K  along  the  length  of  the  cell. 

It  Is  not  possible  to  maintain  this  good  a  tunperature  uniformity  with 
the  longer  cell  (30.6  cm)  above  approximately  1500®K. 

The  portion  of  the  furnace  surrounding  the  sample  cell  Is 
filled  with  argon,  which  Is  Infrared  Inactive,  In  order  that  there  be 
no  absorption  or  emission  In  the  sections  where  there  are  large  tempera¬ 
ture  gradients.  The  pressure  In  the  "argon  section"  Is  maintained 
approximately  equal  to  that  In  the  sautple  cell  In  order  to  minimise 
leakage  between  the  two  sections  and  to  avoid  rupturing  of  the  very 
thin  sapphire  windows  on  the  sample  cell.  During  operation  the  argon 
Is  flushed  continuously,  entering  one  end  and  leaving  the  other. 
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IFATER 


Tha  furnaca  can  ba  jolnad  to  tha  aourca  tank  and  optica  tank 
by  flaxlbla  bailowa  aa  ahown  In  Figure  2-1.  CaF,  wlndowa  ara  uaad  on 
tha^anda  of  the  furnaca  whara  tha  tamparatura  doaa  not  axcaad  600  to 
700' K.  "0"-rlnga  of  alllcone  rubber  ara  uaad  aa  aeala  batwaan  tha 
diffarant  aactlona  of  tha  furnaca  and  aa  gaakata  for  tha  wlndowa, 

Tha  haatlng  colla  ara  prot^ctad  on  tha  outalda  by  a  largar 
iii.O^  tubing.  Around  thla  tubing  ara  placad  Al.O.  pallata  for  Inaula- 
tlOu  In  the  region  whara  tamparaturaa  ara  too  hlgn  for  flbarglaaa,  which 
la  uaad  In  tha  outer  part  of  the  furnaca.  The  cyllndat  containing  the 
Al.O,  tubing  and  Inaulatlon  la  made  of  ateel  approximately  0.6  cm  thick 
anS  la  approximately  80  cm  long.  Aa  Indicated  In  the  left-hand  portion 
of  Figure  A-l,tha  canter  place  of  alumina  tubing  la  connectad  to  the 
ataal  indar  by  uaa  of  two  flangaa  Jolnad  by  fiaxibia  lellowa  In  order 
to  provide  room  for  axpanalon. 

Tha  aactlon  which  la  outalda  of  tha  core  of  tha  furnaca  and 
contalna  tha  Inaulatlon  la  aaalad  from  tha  atmoaphara  and  from  tha 
canter  aactlon  of  the  furnaca.  In  operation  thla  portion  la  fluahad 
with  a  mixture  of  10%  H,  and  90%  argon  at  a  rata  of  approxlatataly 
1  liter  par  minute.  Thla  gaa  mixture,  which  la  directed  paat  tha  wlnd- 
Inga  aa  Indicated  In  Figure  A-1,  la  uaad  to  provide  a  reducing  atmoaphara 
around  tha  Mo  wlndlnga  to  prevent  oxidation.  Tha  praaaura  of  tha  H. 
argon  mixture  can  ba  controlled,  during  flow,  from  approxlmataly  SO^to 
iy)0  nan  Hg.  At  tamparaturaa  higher  than  about  ISOO^K  tha  praaaura  la 
maintained  approxlmataly  equal  to  that  In  tha  argon  aactlon  to  mlnlmlia 
attain  on  tha  alumina  tubing  arlalng  from  any  dlffaranca  In  gaa  praaaura 
acroaa  It.  It  haa  bean  found  that  at  tamparaturaa  below  1500°K  the 
alumina  tubing  can  aafaly  wlthatand  a  praaaura  ilffaranca  of  1  atmoaphara. 
Aa  tha  H,  *  argon  mixture  la  fluahad,  It  la  pumped  through  a  vacuum  pump 
whoaa  cxnauat  la  directed  Into  tha  flame  of  a  Meeker  burner  where  tha 
H.  la  burned.  The  flame  la  located  under  a  hood  ao  that  tha  fumaa  ara 
aMauated  to  the  outalda.  It  waa  found  that  thla  technique  waa  more 
ral labia  than  attempting  to  burn  tha  H,  *  argon  mixture  alone,  a  Inca 
the  flow  waa  ao  amall  that  the  flame  frequently  extlngulahad  Itealf. 

Copper  colla  have  been  aoldered  to  the  outelde  of  the  furnace 
to  provide  water  cooling.  Other  colla,  part  of  which  are  not  ahown  In 
Figure  A-1, have  been  provided  to  cool  the  anda  of  the  furnaca  ao  that 
tha  "0"-rlng  aaala  and  CaF.  wlndowa  will  not  ba  dmaagad.  The  aaparata 
aet  of  heating  colla  whlch^ara  ahown  adjacent  to  tha  cooling  colla  on 
tha  left  end  of  the  furnaca  ara  provided  to  heat  the  aampla  entrance  and 
exit  llnea  to  a  aufflclantly  high  tamparatura  to  prevent  condenaatlon  of 
H.O  whan  It  la  being  atudled.  In  aome  caaea  tha  extra  heat  la  nacaaaary 
when  there  la  not  enough  provided  by  tho  heating  alamenta  Inalda  the 
furnaca.  It  la  aaen  from  Flsura  A-1  that  the  aampla  entrance  and  exit 
llnea  paaa  through  thlp  portion  of  tha  furnaca, 
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Tamper aturci  Ins id*  the  furnace  are  measured  by  Charmocouplee 
having  one  of  Pt>6%  Rh  and  the  other  lag  of  Pt*30%  Rh.  The  thermo¬ 
coup  lea  are  placed  along  the  furnace  at  varioui  location!  to  provide 
Information  about  tha  temperature  uniformity.  Three  thermocouplea  are 
indicated  In  Figure  A-1,  although  additional  onaa  have  recently  been 
uaed  to  provide  more  information  about  the  temperature  profile  In  the 
furnace,  particularly  near  the  wlndowa  of  tha  aanpla  cell  and  near  the 
"0"-rlng!  cloae  to  the  anda  of  tha  furnace.  In  order  to  mlnlmlaa 
temperature  gradlenta  within  tha  alumina  tubing,  tha  temperaturaa  in 
tha  raglona  near  the  "0"*ring  aaala  are  not  kept  much  lower  than  la 
necaaaary  for  the  protection  of  the  aaala.  Thermocouple  wlraa  and 
connectlona  to  the  electrical  heating  element  are  made  through  Conax 
flttlnga. 

Tha  voltage  from  the  canter  thermocb..pl a  la  racordad  on  a 
Lead!  and  Northrop  atrip  chart  recorder  ana  alto  aarvat  aa  tha  Input  to 
a  Laedt  and  Northrop  control  unit.  Voltagat  from  the  other  thermocouplea 
are  meaaured  with  a  vacuum  tube  voltmeter  having  very  high  Input  Impedance. 
T’te  controller  can  be  praaat  to  a  given  voltage  corraapondlng  to  tha 
dealrad  tamparatura, and  will  automatically  maintain  thla  temperature  after 
making  certain  adjuatmenta  which  depend  on  the  time  lag  between  cha  heat¬ 
ing  collt  and  tha  thermocouple,  and  on  tha  heat  capacity  of  chi'  ayatam. 

After  the  furnace  haa  been  heated  tu  tha  dealrad  tamparatura  and  the 
controller  adjuattMnta  have  been  made,  tha  currant  through  the  end 
heatara  la  controlled  manually  to  provide  uniform  tea^erature  over  tha 
region  containing  tha  tampla  call. 

Both  ■it  the  aampla  cella  are  made  of  an  alloy  of  Ft-20%  Rh 
which  will  wlthttand  teeq>oraturaa  at  high  at  2000°K.  The  body  of  each 
cell  li  a  piece  of  tubing  having  a  wall  thlcknete  of  0.36  m  with  flanget, 
which  are  0.23  aw  thick  end  2.3  cm  In  diameter,  futed  to  the  enda.  Tha 
diameter  of  the  abort  coll  la  1.3  cm,  end  tha  long  one  la  1.7  cm.  Two 
tubea  having  approximately  4  hi  l.D.  are  futed  to  the  body  of  the  call, 
at  ahown  In  Figure  A-1,  and  extend  to  one  and  of  the  furnace  where  they 
connect  to  the  gaa  handling  ayatam.  One  tube  torvet  at  the  Inlet  and 
the  other  at  the  outlet  for  the  aampla  gaa. 

No  Information  about  the  thermal  coefficient  of  axpanalon  of 
clia  Ft-20%  Rh  alloy  for  temperaturaa  above  about  1200^  could  be  found, 
tu  In  order  to  calculate  the  cell  length  at  high  temperaturaa  It  waa 
..aaumed  that  the  thermal  coefficient  at  high  tamperaturee  waa  the  tame 
aa  that  at  lower  temperaturaa.  Since  the  difference  In  length  at  the 
different  operating  tamperaturee  la  email  and  tinea  It  could  not  be 
calculated  accurately,  a  tingle  value  of  call  length  la  uaed  for  all  the 
high  tamperaturee.  The  ehorter  cell  waa  the  only  one  uaed  In  obtaining 
data  appoarlng  In  the  preaant  repoj^tj  Ite  eatlmated  length  of  7.73  cm 
la  probably  In  error  by  laea  than  -  0.03  cm. 


Sapphlr*  windows,  which  ara  29  m  in  dlamacrr,  ara  clanpad 
against  tha  flangas  by  tha  uaa  of  waahars  and  bolts  mada  of  tha  aama 
alloy  aa  tha  body  of  tho  call.  Gaikata  of  tha  saaa  matarla'. ,  and 
0,029  on  thick,  ara  usad  batwaan  tha  windows  and  tha  thlw  flangaa  which 
ara  aufficiantly  flaK-lbli  to  band  to  tha  proper  ahapa  and  maka  good 
contact  as  tha  windows  ara  tightansd,  Tha  aaal  which  ia  fonasd  would 
not  bo  good  for  vacuta  applications,  but  tha  loakaga  la  anall  a  Inca  tha 
praaatira  is  tha  aaaio  on  both  aldaa  of  tha  window.  Both  tha  sanpla  gas 
and  tha  argon  ara  fluahad  continuously  to  avoid  accumulation  of  oithor 
>f  thaaa  gasas  in  tha  wrong  soctionj  i.o.,  tha  samplo  in  tha  argon 
aaction  or  tha  argon  in  tha  saapla  call.  Flow  rataa  of  approxir'  "'aly 
9  and  700  cn'^  par  minuta  wara  uaad  for  tha  aamplo  and  argon,  ro  otlvoly, 

Sines  tha  absorption  by  aapphira  bacomas  important  balow 
approximataly  2200  cm  ^  (X  >  4.9u),  tha  windowa  ua  as  thin  aa  sasms 
practical.  It  ia  assantial  that  tha  absorption  not  bs  larga  at  thaaa 
fraquanciaa  ao  that  tha  low  froquancy  aids  of  tha  CO,  absorption  region 
can  bo  atudiad.  Tha  absorption  by  aapphira  incroaaal  with  taaiparaturs, 
ao  'ha  windows  on  tha  short  call,  which  ia  hoatsd  to  2000°K,  ara  only 
0,9  an  thick.  Windowa  1  an  thljk  ara  uaad  on  tha  longer  call  sinca  it 
will  not  ba  usad  at  such  high  tamparaturos,  As  wall  aa  tha  nsad  for  axcra 
atrangth,  a  further  raaaon  for  using  tha  1  an  windows  Inataad  of  th' 

0.9  an  ones  whara  it  is  possibla,ia  that  tha  thinnar  onas  produce  a 
alight  fringe  pattern  which  can  ba  troublai'orna.  It  ia  nacasaary  to 
slightly  dafocus  the  optics  to  alimiqata  tha  tringoa  which  appear  on 
the  spectra  in  tha  region  near  2990  cm 
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GAS  HANDLING  SYSTEM 


Th«  molt  Inportmnt  purpoiti  and  roqulramanta  of  tho  gaa  handling 
ayataa  aro; 

1.  To  product  aaaiplaa  containing  H.Oi  CO.,  N.  and  other 
non*corroalvo  gaaaa  In  any  daalPad  mlllng^ra'-.lo  at 
praaauraa  from  approximately  3  to  1300  mm  Hg. 

2.  To  contlnuoualy  flow  the  aamipla  gaa  through  the  aampla 
call  at  a  known  and  adjuatahla  rata  while  the  praaaura 
la  automatically  controlled. 

3.  To  flow  argon  through  tha  aectlon  of  tha  furnace  aurround- 
Ing  tha  aampla  call  at  a  known  and  adjuatahla  rata  and  at 

tha  tame  praaaura  at  tha  aampla. 

A.  To  provide  a  meant  of  maaaurlng  tho  aampla  praaaura  with 
good  accuracy. 

3.  To  “hlaad  off"  gaa  trm  althar  tha  argon  or  aampla  Una 
after  It  haa  paatad  through  tha  furnace  and  to  direct  It 
Into  tho  monitor  call  where  Ita  Infrared  tpactrum  can  ha 
obtained. 

Two  key  parte  of  tha  gaa  handling  ayatam  are  tho  Inoxpentlva 
praaaura  ragulatora  which  ware  made  for  ta  on  ccamMr.lal  gaa  llna^^ 

Tha  ragulatora  are  thovn  a^holLoally  hy  parte  I  and  13  in  tha  diagram  of 
tho  gaa  handling  ayatam  ahown  In  Figure  g-1.  The  prraaura  on  tha  downatroam 
aide  of  the  regulator  la  autoaMtlcally  maintained  at  aoaM  value  p(\:on;  pro¬ 
vided  It  la  leaa  than  tho  praaaura  on  tha  upatraam  aide.  Gaa  flow  through 
a  email  orifice  la  controlled  hy  a  plunger  which  la  actuated  hy  a  mechanical 
connection  to  a  diaphragm  which  la  approximately  13  cm  In  dlamator.  Ona 
aide  of  the  diaphragm  la  opon  to  th«  downatroam  tide  of  tho  regulator  and 
la,  therefore,  at  tha  aaaM  praaaura.  Tho  proaauro  on  tha  other  aide  of  the 
diaphragm  la  defined  aa  tha  rofaranco  preaaura,  p(rof),  and  la  equal  to  tha 
atmoapharlc  praaaura  In  tho  normal  operation  of  the  regulator  on  commorclal 
gaa  llnea.  Ha  dlaphra^  la  opr  Ing- loaded  ao  that  a  variable  force  can  ha 
applied  to  It.  By  varying  th*  forte  agalnat  tho  diaphragm,  tha  dlffcranca 
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bctwttn  p(rtf)  and  p(con)  It  changed.  In  tha  noraal  opei^^ilon  on  connar* 
ciil  gaa  Ilnaa  p(c.on)  la  from  5  to  15  an  Hg  graatar  th-.i  p(raf).  Without 
changing  tha  ragulator,  it  la  nOw  poaalbla  to  adjuic  tha  forca  on  tha 
diaphragm  ao  that  p(rt)f>  and  p(con)  ara  aqual. 

In  ordar  to  uaa  tha  ragulatora  In  tha  praaant  Invaatigation,  two 
baaic  modlflcatlona  wara  mada.  Tha  fir «t  modification  mada  It  poaiibla  to 
adjuat  tha  dlffaranca  batwaan  p(con)  and  p(raf)  ao  that  tha  two  wara  aqual. 
Thla  waa  dona  by  attaching  a  at  aal  plata  aa  a  walght  to  tha  diaphragm  of 
tha  ragulator.  Tha  ragulator  waa  than  Invartad  from  Ita  normal  operating 
poaltlon,  and  by  adjuatlng  tha  forca  on  tha  aprlng  agalnat  tha  diaphragm, 
tha  dlffaranca  batwaan  p(con)  and  p(raf)  could  ba  adjuatad.  Tha  dlffaranca 
can  xtow  ba  ragulatad  from  approxlmataly  -5  n  to  'fS  mm  Hg. 

Tha  aacond  modification  1.:  "ulvad  taalJ  'g  tha  rafaranca  atca  of 
tha  ragulator  and  connacting  It  to  -  tank,  callao  tha  rafaranca  tank,  which 
haa  a  voluma  of  approxlmataly  6  lltara.  Tha  purpoaa  of  tha  rafaranca  tank 
la  to  Incraaaa  tha  volcaaa  of  gaa  on  tha  rafaranca  tlda  of  tha  diaphragm  ao 
that  avail  laaka  and  taotlona  of  the  diaphragm  will  hava  llttla  affact  on 
the  rafaranca  praaaura.  Tha  rafaranca  tank  can  ha  avacuatad  or  praaaurlisu, 
and  tha  approxlmata  praaaura  can  b«  road  from  a  dial  typa  vacuua-praaaura 
gauga.  from  tha  dlacuaalon  of  tha  oparatlon  of  tha  ayaten  which  foilowa, 

It  can  ba  aaan  that  it  la  not  nacaaaary  to  knew  tha  praaaura  In  tha  rafaranca 
tank  vary  accurataly. 

Tha  dlffaranca  batwaan  p(con)  and  p(raf)  can  ba  adjuated  while 
tha  ayatca  la  undar  vacuum  or  undar  praaaura  by  changing  tha  forca  of  tha 
aprlng  agalnat  tha  diaphragm  by  maani  of  an  adjuatmant  through  a  rotating 
•aal.  During  oparatlon  onty  vary  amall  adjuatman  a  hava  baan  found  to  ba 
nacaaaary.  lacauaa  of  tho  largo  araa  of  tha  diaphragm,  tha  ragulator  will 
rtapond  oailly  to  praaaura  chmngoa  which  ara  much  loaa  chan  0.1  am  Hg. 

Tha  oporatlng  prlnclplao  of  tho  gaa  handling  ayataik  can  boat  ba 
•xplalnad  by  datcrlblng  tha  filling  oparatlon.  Tha  rafaranca  tank  tha 
argon  aactlon,  and  tha  aampla  call  ara  all  avacuatad,  and  tha  valvai  to 
tha  vacuum  pumpa  ara  all  cloaati.  Argon  or  air  la  than  allowad  to  flow 
•lowly  Into  tha  rafaranca  tank.  Aa  ih#  prataure  In  tha  rafaranca  tank 
Incraaaaa  tha  argon  ragulator  (15)  opana  and  argon  flows  Into  tha  argon 
•action,  maintaining  a  praaaura  naarly  aqual  to  tha  rafaranca  praaaura, 

Tha  argon  Una  la  connactad  to  tha  rafaranca  alda  of  tha  aampla  praaaura 
ragulator  (C)  to  that  ••  tfio  argon  praaaura  Incraaaaa  i  l.a  ragulator  opana 
and  aampla  gaa  la  allo^md  to  flow  into  tho  aampla  aactlon.  If  tha  prat- 
•urai  ara  Incraaaad  alowly,  and  If  tha  aprlng  forca  on  tha  diaphragms  of 
ha  ragulatora  ara  proparly  adjuatad.  tha  oaaurai  In  tha  aampla  aactlon 
and  tha  argon  aactlon  will  ba  approxlmataly  aqual  to  that  In  tha  rafaranca 


ttnic  «t  all  tlmee.  When  the  desired  pressure  Is  reachr<^  valve  (16)  to  the 
reference  tarV  Is  closed.  Valves  (10)  and  (23)  are  then  opened  and  needle 
velvet  (9)  and  (24)  are  adjusted  to  give  the  proper  flow  In  the  sample  and 
argon  sections,  respectively.  Values  of  flow  rates  are  read  from  the 
flowmeters  shown.  Valves  (10)  u  .d  (23)  are  block  valves  used  to  stop  the 
gas  flow  without  closing  the  needle  valves,  thus  avoiding  possible  damage 
to  them.  Valves  (11)  and  (22)  are  open  only  when  the  system  Is  being 
evacustec  In  ordsr  to  pump  the  gas  through  the  flowmeters.  Valves  (12) 
and  (25)  are  also  normally  closed,  and  their  purpose  will  be  described 
below. 

The  small  oil  manometer  which  li'  connected  between  the  sample 
line  and  the  argon  line  serves  two  purposes.  Valve  (13)  Is  normally 
closed  and  valve  (18)  open  so  that  the  manoec.iter  reads  the  dlflerence  In 
pressure  between  the  sample  and  argon  sections.  The  pressures  can  easily 
be  equalised  by  adjusting  the  spring  force  on  the  dlaphr.*^  of  the  sample 
pressure  regulator  (8).  The  second  purpose  of  the  manometer  Is  that  of 
a  safety  valve;  In  case  of  a  mistake  In  opening  or  closing  of  the  other 
valves  a  large  pressure  difference  cannot  be  built  up  between  the  argon 
and  sample  sections.  As  the  pressure  difference  starts  to  Increase,  the 
oil  will  (low  out  of  the  manometer  and  Into  a  trap  which  la  not  shown  In 
the  line.  The  argon  and  sankple  sections  are  then  connected  together  and 
the  preesures  will  quickly  equalise.  Whan  the  system  Is  being  evacuated, 
valve  (13)  Is  opened  In  order  to  maintain  nearly  equal  pressure  In  the 
argon  end  sample  sections  without  the  poseibllity  of  forcing  the  oil  from 
the  manometer  Into  the  traps. 

The  pressure  In  the  argon  section  Is  measured  by  one  of  three 
pressure  gauges.  The  Kg  manometer  which  Is  shown  In  Figure  1*1  Is  used 
for  pressures  between  20  and  800  mm  Kg.  Two  other  gauges,  which  are  not 
shown  In  the  figure,  are  used  .or  other  pressure  ranges.  A  Dubrovln  Is 
employed  for  pressures  less  than  20  ne  Hg  and  a  lourdon  type  gauge  for 
pressures  greater  than  about  800  mm  Hg.  Since  the  Sample  end  argon  are 
malntalred  at  the  s.-^r  pressure,  the  pressure  Indiceted  by  the  gauges  Is 
that  of  the  temiple.  '  islble  error  In  the  measurement  o.  the  sar-'le 
pressure  resulting  issure  drops  in  the  gas  lines  is  only  important 

for  pressuns  less  than  ...  lul  b  or  6  ma  Kg  for  the  flow  rates  used  in  the 
present  investigation. 

Samples  can  be  Introduced  the  syst^  (irr%  rrnwercial  cylinders 
through  valves  (4)  and  (5),  or  from  the  mia  tank  < hrough  valve  su).  Many 
ol  the  CO-  *  K,  miatures  were  pur-^esed  pl.,'^lxcd  so  that  they  could  be 
used  directly  tram  the  cylinders.  Other  ge»  mialurra,  tncludlng  ell  those 
thet  conteln  K.O,  were  made  tn  th  ml.«  tenk,  which  hes  e  '.-olum'  of  chout 
50  liters  and  te  lined  with  glass  on  ths  inside  to  reduLC  adsorption  ot 


gas  on  the  walls.  In  order  to  ensure  proper  mixing,  a  mixer  has  been 
incorporated  in  the  tank.  It  is  driven  through  a  rotating  seal  by  an 
electric  motor  on  top  of  the  tank. 

The  mix  tank,  small  oil  manometer,  sample  regulator,  sample 
flowmeter,  and  all  the  other  components  which  might  contain  H,0  vapor 
when  it  is  being  studied, are  enclosed  in  an  oven  which  can  5e  heated 
to  app.'oximately  140°C.  By  maintaining  this  temperature  it  is  possible 
to  study  samples  containing  H.O  vapor  at  partial  pressures  as  high  as 
approximately  1500  mm  Hg  without  condensation.  The  lines  connecting 
the  sample  cell  in  the  furnace  to  the  components  enclosed  in  the  oven 
are  insulated  and  heated  by  an  electric  heating  wire.  The  valves  and 
the  regulator  in  the  oven  can  be  controlled  from  outside  ai.d  the  oil 
manometer  and  sample  flowmeter  can  be  viewed  th  ough  windows.  When 
studying  samples  not  containing  H2O,  the  components  in  the  oven  are  not 
heated , 

When  a  gas  mixture  is  being  produced  in  the  mix  tank,  each  gas 
is  Introduced  separately,  and  the  pressure  is  measured  after  each  is 
introduced.  A  dial  gauge  connected  to  the  mix  tank  gives  only  approximate 
pressures,  particularly  when  the  tank  is  hot.  More  exact  values  of  pres¬ 
sure  are  measured  by  a  system  which  is  not  included  in  Figure  B-1.  If 
the  mixture  does  not  contain  H.O  vapor,  the  pressures  are  measured  by  one 
of  the  three  gauges  used  on  the  argon  line.  When  H.O  vapor  is  included 
in  the  mixture,  the  mix  tank  is  connected  to  "ne  siae  of  a  small  glass 
II- 1  ’  e  containing  vacuum  pump  oil  which  is  enclosed  in  the  oven  to  pre- 
ven  condensation  of  the  H.O.  The  ocher  side  of  the  U-tube  is  connected 
one  of  the  three  pressuFe  gauges  used  on  the  t.-gon  line.  The  pressure 
i.n  the  line  to  the  gauge's  can  be  adjusted  so  that  there  is  no  pressure 
difference  between  the  two  sides  of  the  U-tube.  The  gauges  then  indicate 
the  pressure  in  the  mix  tank.  By  this  technique  it  is  possible  to  measure 
pressures  in  the  mix  tank  with  about  the  >*ame  accuracy  as  in  the  argon 
line  without  heating  the  pressure  gauges. 

Other  sections  of  this  ri-nor''  contain  discussions  of  the  use 
of  Che  monitor  cell  to  determine  the  ,ioriCy  of  the  gat  coming  from  either 
Che  argon  section  or  the  sample  seetion.  To  Investigate  the  gas  in  the 
argon  section,  for  example,  the  monitor  cell  Is  first  evacuated  and  the 
gas  is  introduced  through  valve  (23)  with  valves  (23)  and  (22)  closed. 

In  this  manner  it  Is  pos.vlble  to  fill  the  cell  with  a  minimum  of  dis¬ 
turbance  or  change  in  the  flow  of  the  gas  in  the  system.  By  adjusting 
the  opening  of  valve  (24)  the  flow  of  argon  can  be  maintained  very 
nearly  constant  until  the  pressure  in  the  monitor  cell  approaches  that 
in  the  argon  section.  Wlicu  the  flow  stops,  it  Is  assumed  that  the  presauic 
in  fhe  monitor  cell  is  equal  to  that  in  the  argon  cecilon.  Valve  (25)  is 
then  closed  and  the  ocher  valves  are  re-adJusted  to  give  the  desired  flow 
rate.  In  order  to  investigate  Che  gas  in  the  sample  section,  a  similar 
procedure  is  followed  by  use  of  valves  9,  10,  11,  and  12. 
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